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Problem 440 Contributer: David A. Evans 

Citation: 

Keywords: Mechanism quiz 

upon thermolysis. 1 undergoes loss of N2 to give intermediate X which undergoes thermal reorganization to Y and final 
tautomerization to 2 (Vogde, Liebigs Ann. Chem. 1965, 682, 1). Identity intermediates X & Y and provide a mechanism for 
the transformation of 1 to 2. 
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Contributer: David A. Evans 
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When treated with S-butene^i-ol in the presence of an add catalyst, 1 is stereoselectively transformed into 
lactone 2. ( Kozlowski, J. Org. Chem. 1987, 52, 3541). Provide a mechanism for this transformation below. In your 
mechanism you are not required to deal with the issue of stereochemistry. 
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In transformation shown below there are one or more intermediates intervening between reactant(s) and product(s). 
Propose a mechanism to account for the observed transformation. 

Note: tn your answer, draw intermediates but not transition states. 


Your Mechanism: 
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The transformation shown below was presented in a recent Harvard seminar by Professor L, T. Scott from Boston College, 
Propose a mechanism to account for the observed transformation. 

Please answer the queston in the space provided below Note: In your answer, draw intermediates but not b'ansition states. 


O O O 



Your mechanism: 



Problem 456 


Contributer: 

Citation: 

Keywords: 


David A. Evans 
Mechanism quiz 


The following reactions is an example of what is referred to as the "abnormal Michael Reaction," Provide a mechanism for 
this reaction that is consistent with the isotope labeling pattern shown (( = Please answer the question in the space 
provided below. If you cannot solve the complete mechanism, proceed as far as you think the reaction logically proceeds. 
Partial credit will be given. 



Your mechanism: 


EtO * 




o 
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In the transformation shown below there are one or more intermediates intervening between reactant(s) and product(s) 
Propose a mechanism to account for the observed transformation. 

Note: in your answer, draw intermediates but not S-ansition states 


Your Mechanism: 


Problem 462 Contributer: David A. Evans 

Citation: 
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In the transformation shown below there are one or more intermediates intervening between reactant(s) and product(s). 
Propose a mechanism to account for the observed transformation. 

Note: In your answer, draw intermediates but not transiSon states. 


Your Mechanism: 
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Predict the major product of the illustrated reactions. Place your answer In the spaceprovided. Draw that product which is 
isolated after neutralization and a conventional extraction. 


Part A <5) 


Part B (5) 


Part C (5) 




Me 



COgMe 


Brj 

(one equiv) 


Me 


O 

A 


Cl 


AICU 


IjHNOa/H" 
2) NaOMe 


Part O (5) 



HBr 

one equiv 


hint: assume electonic effects are dominant 
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In each of the transformations shown below there are one or more intermediates intervening between reactant(s) and 
product(s). In each instance, propose a mechanism to account for the observed transformation. 

Note: In your answer, draw intermediates but not transition states 


The Transformation: 
Your Mechanism: 



The Transformation: 

This reaction Is called the Gatterman-Koch aldehyde 
synthesis. Hint; You will probably solve the mechanism when 
you determine the compound formed in the CO + HCf reaction. 

Your Mechanism: 



The Transformation: 
Your Mechanism: 
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The Oiels-Alder reaction between 2.5 dimethylfuran and maleic anhydride gives compound A A subsequent acid-catalyzed 
transformation affords 3,6-dimethylphthallc anhydride. Deduce the structure of compound A and provide a mechanism for 
the conversion of A into 3,6-dimethylphthalic anhydride. (Organic Chemistry, 4^ Edition. G.M. Loudon, pg. 741) 

Note: In your answer, draw intermediates but not b^ansition states. 


The Transformation: 


Your Mechanism: 
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Oiphenylsulfone (shown below) is a by-product that is formed in the sulfonation of benzene. Provide mechanisms for the 
formation of both benzenesulfonic acid and diphenylsulfone. (Organic Chemistry, 4*^' Edition, G.M. Loudon, pg. 741) 

Note: In your answer, draw intermediates but not tran^tion states. 

Your Mechanism: Diphenylsulfone 
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In the transformation shown below there are one or more intermediates intervening between reactant(s) and product(s). 
Propose a mechanism to account for the observed transformation. 

Note: In your answer, draw intermediates but mjt transition states. 

Your Mechanism: 
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Provide a plausible mechanism for the illustrated acid-promoted transformation. 
Note: In your answer, draw intermediates but not transition stales. 



Your Mechanism: 


Part A: 


PartB: 

Your Mechanism: 
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One of the best methods of synthesizing racemic alpha 
amino acids is through the Strecker Amino Acid Synthesis 
which consists of the two-stage operation shown on the 
right. 

In the space below provide a detailed mechanism for 
the reaction identified as equation (1). Intermediates 
but not transition states should be illustrated. 



CN- ^ 
EtOH/HOH 





( 1 ) 


( 2 ) 
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Mechanism quiz 


Ketones and aldehydes may be reductivelyaminatedviWh the reagent 
sodium cyanoborohydride at pH - 5. The only special attribute of this 
borohydride reagent is that it is stable in weakly acidic media. In the 
space below provide a detailed mechanism for the illustrated reaction. 
Intermediates but not transition states should be illustrated. 



R-NHs 
-• 

Na^ HgB-CN 
pH-5 


NHR 
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A series of transformations is provided below. Provide either the optimal reagent or illustrate the most efficient set 
of reactions to accomplish the indicated transformation. Your grade will depend on both efficiency and feasibility. 



Part 


optimal recent or sequence for this transformation 





CH2OH 


Itustrate optimal reagent or sequence for this transformation 





optimal reagent or sequence for this transformation 
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The lowing <jueebort$ are designed to evaluate your aNiiy to bortdiog prindptes etecironegetivlty lreotl$, and 
re»)nce conceptn in addre^ng Ihe posed (questions. 


Pan A. potnie). Anisole (1) and thioanisole i2\ are illustrated below. Ir>dicate which tubsttuent |OMe or SMe) is a 
stronger orthopara director Please a explain why your selected substituent la atronger on the basis of your knowledge 
of bonding principles Short answers please 



Part C. (5 poirrtey. Corner the two Lewis acida 1. and 2. Which substrate wtl be the stronger Lewis add. Ptease 
justify. 


X 

X 1. X = F aoooger Lem& eod 

2 Xm a 


Part D. (G potnla). Carbonium ion 2 is more stable than carboraum ion 1 Please raltonaltze this resuh on the basis ol 
your general knowledge of botKfIng concepts 


kte-Si-CH? 
Me 1 


Me^r 


u’ 


CHj 


Part E. IS point*). Draw the preferred conformation of 1,2'dliluofoefhane and lustily your answer 


» 

your cof\kifmatK)nat tirmimg 
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Question 5 (10 points). Ethyl diazoacetate (1). under the influence of the Lewis acid catalyst SnCi 2 , catalyzes the 
illustrated reaction to form the keto-ester 2 



Write out a detailed mechanism which accounts tor the illustrated transformation, Provide your answer in the 
space provided below In your mechanism, clearly box in the probable structure of X. 


Question 6 (10 points). The interesting fragmentation reaction iliustrated beiow can be found in the first 
successful synthesis of quinine canied out by Woodward and Doering on the Harvard campus in 1945 


H 


0=N—OEt + 

1 



H 


1) NaOEt 

2) acidify 



Write out a detailed mechanism which accounts for the iliustrated transformation. Provide your answer 
in the space provided below. Hint: Consider the reactions of ethyl nitnte (1)tobe analogous to the reac^ons 
of a conventional carbox^c add ester 
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Question 7 (10 points). The reaction shown below is referred to as the Wharton Rearrangement. 



Write out a detailed mechanism which accounts for the illustrated transformation. Provide your answer 
in the space provided below. 


Question 8 (10 points). The reaction shown below provides a convenient approach to the synthesis of the 
illustrated aza-ketone. 


R—NHg 

V 

+NaH 


2 -sS^^COaCMea 

X 

-MesCONa 

Y 


+H 


intermediate 


intermediate 


%cf- 


C03 

CH 2 =C(Me)Me 


Wnte out a detailed mechanism which accounts for the illustrated transformation. Provide your answer 
in the space provided below. In your mechanism, dearly box in the probable structures (XX& Y. 
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Question 15 (20 points). In the two questions below you are asked to rank the relative strengths of ttie series of 
illustrasted acids and bases Use your knowledge of resonance and inductive effects to answer this question. 

Part A: (10 points) For the series of bases shown below, rank the set from strongest to weakest. 

Strongest 

weakest 




Part B; (10 points) For the series of acids shown below, rank the set from strongest to weakest 



-Strongest 


-weakest 
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Question 17 (30 points). "The striking physiological properties of ergot early directed attention to 
this remarkable product of the growth of the fungus Clavicepspurpurea on rye grain. Pre-Christian 
allusions to its effects have been recorded, and it was identified in 1676 as the causative agent of the 
dreaded medieval scourge, St. Anthony's Fire.” Subsequent research has ultimately documented that no 
less than six amides of lysergic acid are produced by this fungus. The key intermediates in the first synthesis 
of lysergic acid, accomplished in 1956, are shown below. Using your knowledge of organic reactions fill in 
the reagente required to execute the illustrated transformations over each arrow. If several steps are 
required, label them as 1), 2) etc. 



Note: The double bond in this position must be removed in the initial stages of the synthesis to avoid 
unwanted side reactions in the Friedel-Crafts cyclization step 
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Question 4 (10 points). When ketone X is enolized with a strong amide base and treated with methyl crotonate the 
blcyclic ketone 2 is obtained in good yield after a conventional illation procedure. It is of considerable interest that 
the other possible product diastercomer 5 b not observed. 



Write out a detailed mechanism which accounts lor the illustrated tTansfmmatioiu Provide your answer in the space 
below. In outlining this transformation draw intermediates but not transition states. 


Problem 519 


Contributer: 

Citation: 

Keywords: 


David A. Evans 

Mechanism quiz 


Question 5 (10 points). When the iiiustrated amide is treated with bromine under basic conditions the foilowing 
transformation takes piace. 



H 


Write out a detailed mechanism which accounts for this transformation in the space provided beiow. In outlining this 
transformation draw intermediates but not transition states. 
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Citation: 
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Question 6 (10 points). When the iiiustrated reactant is treated with acid, the foliowing transformation takes piace. 




Write out a detailed mechanism which accounts for the illustrated transformation. Provide your answer in the space 
below. In ouflining this transformation draw intermediates but not transition states. 




Problem 521 


Contributer: David A. Evans 

Citation: 

Keywords: Mechanism quiz 


13 of 51 


7/2/2018, 12:04 PM 


SEARCH BY KEYWORD - CCB Challenging Problems 


http://evans.rc.fas.harvard.edu/cgi-bin/problems/search3a_byKeyword.cgi 


Question 7 (10 points). When a carboxylic acid is treated with the aziridine 1. an oxazoline is formed. 

O Y® 

X - ^ 

r^OH HNq 

1 

Write out a detailed mechanism which accounts for this transformation in the space provided below. In outlining this 
transformation draw intermediates but not transition states 



ProblCin 523 Contributer: David A. Evans 

Citation: 
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For each of the questions on the next four pages, an observation is provideci tor you. it wm oe your cask to put 
forward a logical explanation for the questions posed. 


Question 9 (10 points). Diketone 1 is reduced with high selectivity to ketone 2. The alternate reduction 
product 3 is not observed. 



Using the general principles of chemical reactivity, provide an argument which explains this observation. 


Problem 524 


Contributer: David A. Evans 

Citation: 
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Question 10 (10 points). The relative reactivity of the three illustrated ketones toward NaBH 4 is shown below. 

O 0 O 


6<6<A 


mo^l reactive 


least reactive 

Using the general principles of chemical reactivity^ provide an argument which explains this trend. 
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You are aware Itiat reactions at benzylic (or>d altylict centers proceed wrtfi great facility For the two reaction® 
below, there is a striking ditfererxie in the distributiofi of products and the relabve rates of the two processes (k^yk^ = 
8000) lor nucleophiles sych as thkicyai^ale ion designated here as Nui-) for simplicity. Although the first case 
proceeds in the errpected manner (eg 1). the second case (eg 2} does not. 

phCH, 

©S-EI ---► PhCHj-S-Et + PhCH^-Nu (1) 

PhCHp 

(k,/k2 = 8000 



Based on your understanding ol the slereoeleGtronic requirefnents for benzylic activation, rationalize the slower rate ot 
reaction and ene^ipected product distribution® tor the second case (eq 2). 
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Question 15 (10 points). The two alkyl bromides 1 and 2, when subjected to 5>j1 solvolysis, are transfonned into 
the same secondary alcohol 3 rather th^ the usual mixtiw of solvolysis products 3 and 4. It Is also striking 
that 1 is one million times as reactive as 2 in this transformation. 



4 (not obss/ved) 


Explain why 1 is so much more reactive than 2. Also explain why 1 affords only alcohol 3 and not mixtures of 
3 and 4. Well-drawn illustrations should be used to clarify your explanation. 
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Citation: 
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David A. Evans 

J. Org. Chem. 1991, 56, 5553 
Reactivity quiz 


The following publication (J. Org. Chem. 1991, 56. 5553) reported the surprisingly selective olefin 
epoxidation illustrated below. In Otis reaction, olefin B in 1 was found to be much less reactive than olefin A. 




3 o 

disfavored 


Using your knowlege of stereoelectronic effects, provide an explanation for tfte reduced reactivity ot 
olefin B in diene 1. 
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Question 1 (15 points) When the illustrated reactants are treated with a strong base such as ethoxKle 
the foltow»ng transformation takes place. 


Ph^H 


Write out a detailed mechanism which accounts for this transformation in the space provided below 
In outlining ttiis transformation draw intermediates but not transibon states. 


Problein 539 Contributer: David A. Evans 

Citation: 
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Question 2(15 points). You have recently been introduced to the Wittig Reaction and are now becoming 
familiar with its ubldy in synthesis. You have also been introduced to some of the mechanistic details 
of this process We now present you with the reaction illustrated below, also based on phorphorus. 
which you have not yet seen In this two^^ep process trans and cis olefins may be stereospecifically 
intercon verted. 




1) RCO3H 


2) (C^H5)3P 
heat 




(CeH5)3P=0 


Write out a detailed mechanism which accounts for this transformabon in the space provided bebw. 
In outlining this transformation draw intermediates but not transition states. 
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Citation: 
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Question 3 (15 points) The process shown below is called the Mannich Condensation This 
reaction frequently appears as a key step In the biosynthesis of alkaloids, natural products which 
contain basic nitrogen The important structural feature in the target structure which suggests the 
Mannich transform is the presence of a 1,3 nitrogen-oxygen relabonship 

R, 0 . O NR'j 

Jj cai^ysis |j f 


There are two well-differentiated mechanistic pathways that lead from starting materials to 
product The two mechanisms differ in the sequence of assemblage of the reaction constituents. 

Write out both detailed mechanisms (A Si B) which account for this transformation in the space 
provided below In outlining this transformation draw intermediates but not transition states 

Mechanism A: (8 points) 

Mechanism A: (7 points) 
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Question 4 (15 points) When the illustrated reactants are treated with a strong base such as methoxide 
the foibwing transtomnatton takes place. 


M8O2C- 




CO^Me 


2 BQWV 


OHC—CHO 
I equiv 



Wnte out a detailed mechanism which accounts tor this transformation in the space provided below In 
outlining this transformabon draw intermediates but not transition states 
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Question 5(15 points) The base promoted eiimination of 2‘bromo ketones such as 1 follows a 
iradibonal mechanism at elevated temperatures 


1 



L12CO3 


heat > 100 “C 



(Mechanism: E^) 


In contrast, the dehydrohalogenation of the derived oxime 2 occurs under very mild conditions. 

The use of oximes (and hydrazones) m these types of reactions forms the basis of a general strategy for 
the mild dehydrohalogenation of 2-haJo ketones introduced by Mattox and Kendall 
One piece oi iniormalion which /s reievanl lo the mechanism is that the unprotected oxime OH ts 
required for facife eiimination 


2 



R3N 
0-25 "C 



(Mechanism: ?) 


Write out a detailed mechanism which accounts for this transformation in the space provided below In 
outlining this transformation draw mtermediates but not transition states 
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Question 6, 10 Parts (100 points). For each of the questions below an observation is provided for you. It will be 
your task to put forward a logical explanatiort for the questions posed 


Part A (10 points). In the 3^2 reactions of cycloalkyl halides (and other effective leaving groups) the reaction rale 
decreases with decreasing ring size cyclopentyl > cyclobutyl» cycfopropyl. 



Provide an expdanaiion for the indicated trend in reactivity. 


Part B (10 points). In the addition of nucleophiles to nitrilium salts such as 1, there are two product isomers. 2 and 
3 The stereochemical preference in these reactions is interesting in that in the transition state leading to the 
major product 3 the R-substituent on the nitrogen "^swings" into the incoming nucleophile (syn path). 


Anti Path 



R R 

C=N 2 minor product 

Hu 


R 

\ 

3 major product 

Hu R 


Provide an explanation for the counter-intuitive stereochemical outcome of this reaction. If you have difficulty 
with this question, think of the analogous reaction control elements for the miCToscopic reverse of the indicated 
process The control elements for both processes will be the same 
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In each of the questions provided below, the reaction is influenced in some way by resonance effects. Using your 
knowledge of resonance and induction, predict the order of reactivity of the triads of substrates provided below 


Part A (6 points^. Consider the 3^1 reaction of the following substituted benzyl h^ides in formic acid 


.CH2OCHO 


Predict the order of reactivity of the three substrates shown below: Reactivity Order: 1 {fastest) fi 3 {slowest) 

r.H„i .-u 1 XH2I 


Reactivity Order: 


Part B {4 points). 

Take the most reactive substrate in Part A 
above and draw the significant resonance 
structures which contribute to the stablity 
of the derived intermediate carbonium ion 


Part C {6 points). Consider the acid-base reaction of the substituted phenols below with aqueous hydroxide 


Predict the acidity order for the three phenols shown below Acldhy Order: 1 (most) tl 3 (least). 


Acidity Order 


Part D (4 points). 

Take the nxist acidic substrate in Part G 
above and draw the significant resonance 
structures which oontnbute to the stability 
of the derived conjugate base 
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Part A (10 points). The reacson illustrated below is catalyzed by an enzyme which you will build. In answering this 
question you are requested to design an environment containing those functional groups that will best promote this 
addition reaction. Keep in mind that the "catalytic” groups in the active site of an enzyme occupy a fixed position in space; 
Hence special orientation is of considerable importance as a design con&deration. 


HOH 



Enzyme catalyst 

-^ ^ \ 

^OH 


In the space provided, place the reactants in 
their optimai geometries for undergoing reaction 
and add those cataiytic functional groups which 
you feel will best promote the rate of addition. 



Part B (10 points). The reactivity of the amide C=0 
group is dominated by its resonance interaction with 
the attached nitrogen which, although more electro¬ 
negative than carbon, reduces C=0 electrophilicity. 




(5 points). Presume that you have the three amides shown below Amide 2 contains a "normal" nitrogen 
as found in a "garden-variety". Amide 1 contains a nitrr^en which is SP3 hybridized: finally, amide 3 
has been rotated 90 about the C(acyl)-^ bond. Predict the reactivity order of these 3 substrates toward 
basic hydrolysis. Circle the correct adjective under each substrate. 


o 



Me 

NSPj 


1 Me 


O 



2 Me 


Me 

NSPa 


X ...' 

r n; , 


Me 

Me 


Reactivity order: 
most 

intermediate 

least 


Reactivity order: 
most 

intermediate 

least 


Reactivity order: 

most 

intermediate 

least 


(5 points). Provide the reasoning which led you to predict the above reactivity order. 
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Phosgene (i) is a useful reagent in synthesis that is. unfortunately a highly toxic 
substance (It was used in WW-I as a poison gas). Triphosgene (2), a formal 
trimer of 1, is a crystalline solid that is safer and easier to handle. Recently, 
triphosgene has been used widely as a phosgene replacement in many reactions. 


Phosgene 

1 


Tfiphosgene 

2 


Part A (10 points). Phosgene reacts with carboxylic acids, under dimethylformamide (DMF) catalysis, to form the acid 
chloride. In this reaction. DMF is transformed to an intermediate 3 which is involved in the overall transformation 
shown below; 




o 

il 

H NMej 

(DMF) 


A 

-CO2 ^ 


Cl 

I a- 

3 Me 


R-COeH 

-HCI 


XI 


+ 


H NMej 
(DMF) 


Propose a mechanism for Step A: 
Propose a mechanism for Step B: 
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Question 1 (20 points). For each of the questions below and on the following page an 
observation is provided. Your task is to pul forward a logical explanation for the questions posed. 

The management appreciates concise answers. This bias will be reflected in grading your responses. 


Part A. (5 points). The IR carbonyl stretching frequency of 
dimethyl acetamide (1) is 1660 cm'^ while the carbonyl 
stretching frequency of the corresponding N-acyl aziridine 
(2) is 1700 cm-’. 

Provide an explanation for the difference 

in the IR C=0 frequencies of the two compounds. 



V C=0 = 1660 cm ’ 


V C=0 =1700 cm-’ 


Part B (5 points). In an apparent paradox, add fluorides are less 
reactive acylating agents than acid chlorides. 

Provide an explanation (rationalization) for this observation. 


CH 


O 

II 


less reacttve 
than: 

: CH. 


o 


Cl 


Part C (5 points). Cyclohexanone (1) is approximately ten times as 
reactive toward Grignard and hydride nucleophiles than 
cyciohexenone (2). 

Provide an explanation for the observed greater reactivity 
of 1 toward nucleophiles. 



Part C (5 points). Valerolactone (1) is less reactive toward 
nudeophilic addition than the corresponding unsaturated lactone 2. 

Provide an explanation for the observed greater reactivity 
of 1 toward nudeophiles. 
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Question 2 (35 points). This question consists of 5 parts (7 pts each) on this and the following page. 

In each question you are asked to provide a reasonabie mechanism for the particular transformation illustrated. 

Part A (7 points). When the illustrated reactants are treated with strong aqueous acid the following 
transformation takes place: This reaction is called the Ritter Reaction. 

+ Me-C=N > C\ X 

H 

Write out a detailed mechanism which accounts tor this b'anstormation in the space provided below. In 
describing this transformation draw intermediates but not transition states. 


Part B (7 points). 2-Halopyridinium salts such as 1 may be employed to activate carboxyolic acids for ester 
and amide formation. The use of 1 in the formation of a 12-membered lactone is shown below 



What is the sh'ucture of the active ester Intermediate in the reaction of an acid, In the presence of an amine 
base, with 1 ? Write out a detailed mechanism which accounts for this transformation in the space provided 
below. In describing this transformation draw intermediates but not transition states. 


Part C (7 points). 1,4-diketones 1 and primary amines may be transformed into pyrroles 
influence of an acid catalyst. 

O 

Write out a detailed mechanism which accounts 11 ^ p Rq-NH, 

for this transformation in the space provided below. ———— 

O 


2 under the 
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Part D (7 points). A very useful way to produce an amide from a ketone is through ttie acid-catalyzed 
rearrangement of the derived oxime isomers 1. As iilustrated, the structure of the amide product (2a or 2b) is 
dictated by the stereochemistry of the oxime precursor (1a or 1 b>. 






This transformation is complementary 
to the Baeyer- Viltiger reaction 
wherein ketones are transformed into esters. 

2b 



lb 

Write out a detaiied mechanism which accounts for the transformation of 1 a -* 2a in the space provided below. 
In describing this transformation draw intermediates but not transition states. 


Part E (7 points). Predict the stereochemistry (see la and 1 b above) of the major oxime product from the 
illustrated ketone and the structure of the derived amide product. 




H30* 






provide your answers in the boxes 
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Each of the illustrated transformations may be carried out in no more than four steps. In answering 
this question it is important to define what is meant by "a step", in the context of this question "a 
step" wiii constitute a discrete chemicai process which is initiated by the addition of a stoichiometric 
quantity of a given reagent or reagents. For example, the synthesis of an alcohol from a ketone and 
Grignard reagent is a two-step process; The addition step; and the neutralization step where the con¬ 
jugate base of the alcohol is protonated with acid. Fill in the reagents (organic & inorganic) that are 
required to complete the synthesis exercise. You are free to use any additional organic molecules 
that might be required to complete the synthesis. The efficiency of your reaction sequence will be 
evaluated. 


COOH 




(C) 

(5 points) 


(d) 


(5 points) 




(e) 

(5 points) 


r 


< 


2 ), 

3). 


L 4), 




> -► 
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Provide the missing reagents or pfoducls for the fdtowvig synthetic sequences Use os many synthetic steps as you 
feel are required. 
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Provide ihe mbsvig leogenls oc prodiicts tor the lollowing synthetic sequences Use as many synthetic steps as you 
feel are required. 



CH3ii. ether 


then H* 



CHj ] 

0^CH3 


LiAIH^ 


refhjit 



COOH 


' HjC a 


ZjEtjNH 
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a. (4 points) Rank the acklity of the foIbwinQ carbonyl compouncts m descending order (i.e assign the most 
acidic a "1 ** and ^ least acidie a '4"). 

0 0 O 0 0 0 0 

CHj 

□ □ □ □ 

b. (4 points) Rank the acidity ot the tolloiMlf>g carl>oxvl«: acids ii descending order (I.e assign the most acid»c a 
T and the least acidic a *4'). 


O 



O. (15 points) Rank the acklity of Ihe irKjicaled Rank the indicaied bond angles In 

protons In doscer>ding order (ex. X > Y = Z, eic) desoeodsig order (ex X > Y ■ Z. etc) 


C 



e 


0 

Rank the indicated tMod lengths in descending order (ex. X > Y = 2. etc) 
C 



OH 
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Problem 587 


In the spaces provided, propose a mechamsm k^r each of the reactions shown bdow Be sure lo fuNy classify 
any pericyclic reactions. Note that moia than one step is required in each case. 



Contributer: Christina White 

Citation: 

Keywords: Reaction quiz 

IrKhcate the products of each ol the followin^j cartx>nyl additiori reactions Briefly indicate the 
controtUng element in each case (FeHun. chelate, etc.) 




PhMgBf 


OSiPh^OBu 




CH, , 


OH 
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Problem 588 
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Johnson and coworkera al Texas Woman's Univefsity rooenlly studied the hydrolysis of 0 methyfbenzohydroxiriioyi 



t 


m, A Hammett plot analysis for the above reaction gives A (depending on what isomer ol 1 is analyaedi. 
Without even beginning to draw the specific mechanism, explain what kt generai the sign and magnitude of the 
s|(^e say about this particular reaction'i mechanism. Recall that Hammett LFERs are oompafas«>ns relative to 
the ionization of p-subsrirued benzoic acids. To fog your memory, the Hammett equation is shown below 

. K 

log -j— = pa* 

"h 


b* Pfofxjse an ‘arrow pushing‘ mechanism that is consistent wlh the Hammett data and your statement made 
m part ’'a'* 

c. The (Z>-isomer ol 11s about two orders ol magnitude more reactive towards hydrolysis than the (E>-lsomeT. 
Drawing on your knowledge ol mdecutar orbital theory, provide a rationale tor this observatrorv. 



Problem 589 

Contributor: 

Citation: 
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a. (5 points) The Evans asymmetric aldol reaction is one of the most dependable tools in the hands ol synthetic 
chemists Shown below is typical aWoi reaction involving a propionimide and a gervehc aldehyde The sfereochemicaJ 
oitliiiome of Ibks reaction is something that you are very tamilnr with at this point. Please draw a clear S-dimensranal 
representalian of the Zimmerman-Traxler transition state that results in the product diastereomer shown. 


O O 

oAnA^ck. 


H 3 C 


CH 3 


1 BugBOTT, NElg 

2 

H 

3. H‘ queoch 


O 



b. (S points) asymmetric acetate akiol reaction eluded synthetic chemists for many years. Hagao and 
oowofkers developed the reaction shown below to provide one solution The slereochemical outcome ot the 
feectior> is opposite of what you might expect based on what you know about the typical Zimrrwrman-Traxler 
transition state that is proposed to he active in the above reaction Propose a Zimmerman^Traxter type transition 
state tor the reaction shown below to justify the stefeochemical outcome It should be noted that unlike the boron 
Lewis acid used above. Sn(i) can have up lo 4 ligands and is both oxo- and thiophittc. 


S O 

A X 

■•rCHa 

HaC 


1 SnCOTOj, NEI3 


3 H* quench 


OH 






H 


yCH, 

HjC 
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Problem 591 


Problem 592 


Isotope labeled natural products are useful tools m Itie bands of btocbemists. For example, the ablMy to prepare 0 J- 
lai^d acebc acid, 2, betped Cornfdilb and oo-iworkjers lo investigate the nvechanism of the maiate synthase en^vme 
The Baeyer-Viilgar reaction can be used to prepare thQ desired labeled acetic acid t2| Irom ketorM 1. Propose a 
mechanism tor this transiormabon. 


H.X 


O H 

1 A .0 

2 KjCO^, HjO 

3 HaO* 


T D 


PhOH 


1 


2 
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7* (10 points} Propose a mechanism for the two-step synthesis of ttumoline hofn aniline and the tolowing ft-keto ester 
Be sure lo indicate which intermedlale in your mecbarvsm Is intermediate X. 



EtO 


o o 


\30X^ 
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e, a. (10 points} Plan out a synthesis ol the riatural product (+}-«pUon8r«ne via A-C starting from commeroally 
available (-bmenthone by supplytrvg the missing reagents You do not have to use the same number ol steps as 
mdicated above and below the reaction arrows as tong as your slaps lead to the correct product. 


CH 3 



(-}'fnenthooe 



CHa CH3 



b. (10 polnia) The tollowlng synihelic sequence is takan from Uie Schreiber synthesis of tha ooduoacb pheremone 
perlplaivone B Please fill in the products resutting Uom each transtormaiion inctode the relative stefeochemtstry in 
each product where applicable, (it is aimored that the students that worked on this pro^ had a tough time he^iig 
cockroaches at bay.) 




hv ^ 






THF, .70"C 




(79%) 



KK IB-crown*4 
25"C, (71%) 


Q 

(nniontc 

11 oxy-Cope) 

W 
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0, (15 points) When pseudoephednne amide 1 Is reduced with Mhtum triethoxyalummum hydnde (LiAJH(0El)3) lo 
access desired aldehyde even after a mild aqueous quench, a side product (A) is produced in addlticn to 2 These 
common side pfoducts are easiy oonvefted to the desired atdehydes by aqueous Ireatment with a stronger add such 
as trlftuoroacetic add (TFA) Divert the formula for A identrfy this side product. 



L 


1. LlAlH(0£t)3 
2 HjO. H* 


O 

2 

TFA. IN HCI 



A 

C^H,,NO 


Uslr>g the space below, propose a mectianism for the transfoimahon ol A 
into desired produci 2 You need no1 expiiddy indicate all proton tranters 
(l.e simply whle proton transfer). 


Problem 595 
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Christina White 

Reaction quiz 


Fill in the missing reagents used m the synthetic sequence shown below Use as many sleps as you deem 
necessary Be sure to indicate whether the lirst step is photochemical or thermal 


T 


p 


H,C. H 

u 


.CH 3 

COsCKj 





o o 


H 3 C 


hT c 


CH, 

CCf2CH3 
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Problem 599 


The translormalions illushaled betow may be completed In no more than 4 stepa (excluding quenching or 
neutralizalkin steps with water dilute acid or tiaseK Write in the condilfons neceesery to complete these 
transformationa You will be graded on both the accuracy and efficiency ot your proposed tranaiormabcns In other 
words, the shorter the number of proposed steps, the more favorably your answer win be vie wad. Write the raaqeots 
required for Ihe overall transformation In the spaces provided. 


IK 
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Problem 600 


Pr^dicl ihe mafor product ot the illustraiod shofi reaction sequence Place your answer m the box provided. Draw that 
product wtiicti has been isolated aner neutralizalian. 


Part A (4) 


PmI e {4} 




Pane (4) Et 


yP 


1) Zn{BH4h^ 

2) H^+ ^ 



Pan D (4) 






Pane(4) Br" 




1)NaCN 

Me L J 


x:) 
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Please provide plausible mechanisms for the indoated liarislormatlons inusirate intermediates hut not transition states. 


Part A. (10 points): This readjon iUustrates how 
(hazomethane is prepared in the lab Provide a plausible 
meoharusm for this tranrsfofmatkm. 


Your Mechanism 


Pan B. (10 polnis): Structure 11s caHed an orthoester. It 
may be prepared a nibite under the indicated 
reacbon corKbbons. Provide a plausibte mechanism for 
this transformation. 

Your Mechanism 
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Problem 601 


Problem 606 


Problem 607 


Problem 608 


Contributer: David A. Evans 
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Please pfovid^ plauaiMa fot indcated trartsformaticiris llluairate intarbut not tranaibofi $tate$ 

Part A, flO points): The Ritter Reaction fbrmattv 
accomplishes the addition of a nitr ogen nucleophie lo a 
doubie bond. Provide a plausible mechanism fof this 
trar^sformation 

Yoor Mechanism 



Part B> (10 points): As you know, acetals and ketats are 
unreactive toward nudeopNic hydride reagents On the 
other handn Levris addic hydride reagents such as DIBAL 
wii read with this functionality One such deavge 
reaction is iHuetraled, ProvKJe a plausible mechanism for 
this transformation Your answer must address why the 
more hindered benryl ether is formed preferentially. 

Your Mechanism 
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A synthetic method has been developed that allows the r^nvergent coupling of two kmg peptkte fragments This 
method involves the coupling of one peptide with a thloester at its C-lenninus and another peptide with a cysleine 
residUQ at ile N-terminus. Propose a mechanism for (he coupling which accounls for the fad Uial the cysleine residue c 
essential for successful couplinp. 
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Meksamme (5'methoicytnptainine) ts used lor the medical treatment of radiation overdoses, The hdustnal 
synthesis of meksamir>e is showri below. Propose a mechanism for the formation o4 Intermediate 2 from p- 
methoxyaniine and the formation of ndote 3 from 2 Be sure to rdenlify any pencybc reactions that are involved in 
this process. 



1 


1. HCi iSlaNOjP 


"O 

NaW, 0“C 


H 



H2SO4 

A 


Mekaamine 



2 . HCI. A 
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Provicte a mechanism iot the reaction shown below 0e sure to fully classify an y pencyclic reactions 
JOC. 1999 64. 2170 


OCH3 
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J. Chem Research 1980, 202 
Mechanism quiz 


Propose a mechanism tor the reactKm shown Be sure to account tor both prcKlucts, and fully dassty any pericydic 
reactiof^B Bowd, A.; Turnbui; J H ; Coyle, J D. J Chem Res 19B0 (S), 202. 



HO 


Problem 612 
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J. Org. Chem. 1992, 57, 2467 
Mechanism quiz 


Bhat el arl. have reported the fdiowmg transtormation that involves an unusual pericycilc reaction as the key nng 
forming reaction Ptease provide a mechanism for Ifus transformation (JOC, 1902. 57 2467-2468). 



Problem 616 
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Provide a mechanism lor the foibwing transformation: 



HjC OH 

rV'i:/o 



CH3O OH O 


’ OT6S 
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Problem 620 


Problem 621 


Problem 623 


Problem 634 


In a recent lolaJ synitieste o( (’M't^ii>cyanatoneopupukeanane (3}, the authors assembled most of the complexity o( the 
natural product in the first step of the synthesis to form 2 Intermediate 2 was foimed by reacting the naturally occurring 
ctwai compound carvone (1) with mettiyt acrylate in Ihe presence o1 LiHhdS. followed by acidic workup, ProvWe a 
reasonable mechanism for the formsilon ol <2) Note that LiHMDS acts in the same way that LDA does 


JOC2001 (66) 4379 



M-thiocyanatoneo 

pupukeanane 
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The following transformation comes from the first total synthesis of penicilltn hy Sheehan Please 
provide a reasonable mechanism. 


CH3 II H^S, NaOCHb 

CHaOH 

CH 3 


ft' 


CHa 

-CH3 
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Stork developed the tolowing enamine reaction as an alternative to the Robinson annulahor^ eelow Is an example 
of Stork's enarmne reaction (Stork, G,; Dolftni. J E J. Am Chem Soc. 1963 85.2872) 



Provide a mechaniem lor thia reaction. 
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Christina White 

Chem. Pharm. Bull. Japan 1972, 20, 1574 
Mechanism quiz 


Provide a mechanism tor the following reaction (Kato, T.; Hozumi, T Chem Pharm BuU . 1972. 20, 1574) 





NaH 


OH O 
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Under basic oonditxjfts the highlighled aldol feaction proceeds to give the product Mustrated in Eq (1) The 
alternate aJdol adduct may be obtained Ihroogh the use ot pipendir>iurn acetate (Eq 2). Please e»(plain why to the 
two aldol condensations proceed to give the different aldol condensation products Indicated. 





Probicin 637 Contributer: Eric Jacobsen 
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Using the arrow pushing fonmalsm. propose a reasonable mechanism for each of the transformations shown below. Be certain to 
cta&Eih aB peflcydic reacbuns. 
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Substitution reactions of the SN2-type on non^rbon electrophifes have some utiltty in ofganic synthesis For 
example, treatment of sulftnyl chlorides with alkoxide nudeophiles results in the dispiacement of halide by 
oxygen at sulfur (see Reaction I) 


Reaction I 



Li^OR 



a sulfinyl chloride 

Substitution reactions of the SN2'type on non-carbon electrophiles have some utility in organic synthesis. For 
example, treaiment of sulfinyl chlorides with alkoxide nudeophiles results in the displacement of halide by 
oxygen at sulfur (see Reaction I). 


Reaction II 





a sulfoxide 

Using the arrow pushing formalism, propose a reasonable mechanism for this transformation (Reaction II) that 
accounts for this expehmenta] observation. Be certain to dassify all pericydic reactions 


Problem 641 
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Attempts to utilize ttie illuslfated'one-pof transformation (Reaction A) for the preparation of dihydronaphtTiafene 
III (from cyclobutan© derivativ© II) resulted in the formation of two products: the expected cycloaddition adduct (III) 
and a new lactone (IV) (Reaction B) 



+ 





CO2CH3 

l|l 

COzCHa 


Ml 

racenwc 


rv 

raoemic 


Using the arrow pushing formalism, provide a detailed mechanistic interpretation of this expenmentai result that accounts 
for the formation of lactone IV from cyclobutane II. Be certain to classify all pericydic reactions. 
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Predict Che product or provide reagents to accomplish each of the following transformations. More than 1 
step may be required to complete a transformation 


EtO 


O 0 


OEt 



HO 


O 





CH 2 O (excess) 
HCO 2 H (excess) 
-^—► 


0 



CH3 



Problem 649 
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“Famous Names*' The aldol reaction is a fundamental reaction in organic chemistry for which numerous 
derivatives exist, each bearing the name of its discoverer. Although the reagents may differ, the 
mechanisms remain similar Using the curved-arrow fomnalism. provide a mechanism for each of the 
following analogs of the akJol reaction 


Derzen: 


Mannich: 


O 


OEt 


0 

X 

Me Me 


NaOEt 


Me / \ 
Me 



41 of 51 


7/2/2018, 12:04 PM 














SEARCH BY KEYWORD - CCB Challenging Problems 


http://evans.rc.fas.harvard.edu/cgi-bin/problems/search3a_byKeyword.cgi 


Problem 652 
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Predict the major product or provide reagents to accomplish each of the folbwing transformatbns. More 
than 1 step may be required to complete a transformation. 


Part A: 




Part B: 


0 

X 

CH3CH2""^0CH3 


1 CHjMgBr (excess) 


2 H3O* 


Part C: 






Part D: 


PartE: 


Part F: 


0 

1 

CH3CH2'''^0H 



o 



CH3 


+ 
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Using the curved-arrow lormalism. provide a reasonable mechanism for each of the following reactions 


Part A: 




♦ (CHskS 


Part B: U 

R'^OH ^ 'CHj 


CHj cal. H2SO4 


^ iX - — 


Part C: 


O 


H 2 SO 4 

+ PhCN -=——► 


H 2 O 



acirdine openm^ j.f 

mtchmisticaUy 
tmalfigfms to L^pfKatk 



Problem 661 


Contributer: Eric Jacobsen 

Citation: 

Keywords: Reaction quiz 
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Predict the maier product or provide all reagents to accomplish each ol the following transformations 
(NOTE. More than one (1) step may be required to complete each transformation) 




(show relevant stereochemistry) 



■ 2 * 

Et3N: (a base) 


(show relevant stereochemistry) 



racemic 



Problem 663 


Contributer: Eric Jacobsen 

Citation: 

Keywords: Mechanism quiz 
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Treatnr>ef>t ot 1 .Q-dihydroxy-B-rvonaoone with catalytic results in ihe formation of a new bicycfic 

acetal (called a "sproketall 


cat H2SO4 


1,9-dihydroxy-5-nonarione 1.7-diOKaspirot5,5jundecane 

{a spiroketaf) 

Part A Using the arrow pushing formalism, propose a reasonable nrechanism for this transformation 


Part B. 1,7-dioxa^spiro(5 5]undecane exists as three conformahonal isomers in solution which can readily 
irrterconvert in Che presence of acid 




Problem 664 


Contributer: Eric Jacobsen 

Citation: 

Keywords: Mechanism quiz 


DicyclohexylcarPodiimide (DCC) can be used to prepare aad anhydrides from the corresponding carboxylic 
acids 


Butync acid Butyric acid anhydride 

DCC has also been used extensively lo prepare esters and amides from carboxylic acids and alcohols or 
amines, respectively 



Butync acid 1-Pentanol n-Pentyl butanoate 

Using the arrow pushing formalism, propose a reasonaWe mechanism tor the synthesis of n-pentyi- 
butanoate from 1-pentanol. butyric aod and DCC. 

O 

Butyric acid l-Pentar>oi n-Pentyl butanoate 



Problem 665 


Contributer: Eric Jacobsen 

Citation: 
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Jn a study of the mechanism of acid-catalyzed hydrolysis of pfimary, unbranched alkyl esters, isotoptcally 
labeled ethyl isovalerate {’® 0 -ethyl isovalerate) was synthesized. 


Reaction I: 



cat H;S 04 

H2O * ' O 

heat 


^®0-ethyl iso valerate Isovaleric acid 

Treatment of ^®0-ethyS isovalerate with aqueous acid (cat, H 2 SO 4 . H 20 J results m the quantitatjve formation 
of isovaleric acid 


Part A. Using the arrow pushing formalism, propose a reasonable mechanism for this transformation that 
is consistent with the obsen/ation that isovaleric acid (the product of the hydrolysis reaction) has no isotopic 
enrichment at either oxygen of the carboxylic add (Reaction I), 


Part B. Starting with as your only source of isotopcally enriched oxygen, propose a synthesis of 
^®0-elhyi isovalerate You may use any additional oimpounds and/or reagents your synthetic route may 


require. 


Reaction I: 





^* 0 -eihyl isovalerate 


Part C* Surprisingly, the hydrolysis of the isotopicaily labeled ten^butyi ester of isovaleric add (^®C>-tert- 
butyl isovalerate) results in the formation of a carboxylic acid that retains the isotopic label (Reaction II). 

io 

^“O-ferf-butyl isovalerate 50:50 mixture 


Using the arrow pushing formalism, propose a reasonable mechanism for the production of all three (3) 
new compounds that is consistent with this observation 


Problem 667 


Contributer: Eric Jacobsen 

Citation: 

Keywords: Mechanism quiz 


Treatment of a carboxylic acid with Vilsmeier's reagent results in the formation of an acid chkinde. 


H3C.^,CH3 

1 

H'^CI 

0 

* II 

0 

^ X 

0 

+ H3C,^A 
CHj 

OH 


Vilsmeicf's 

reagent 



DMF 


Using the arrow pushing formalism, propose a reasonable mechanism for this transformation 


Problem 668 


Contributer: Eric Jacobsen 

Citation: 

Keywords: Reaction quiz 
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Predict the major product or provide me starting materials necessary to accomplish each of the following 
IranstormatiorTs. 




EtMgBr 

(excess) 

then H 2 O 


NaOD in 0^0 



rvBuLi 

a m) 


then H*. H^O 




EtMgBr 
(1 eq.) 


than H*, HgO 




KOH in 
CHaOH 


CnHieO 


Problem 679 


Contributer: Eric Jacobsen 

Citation: 

Keywords: Reaction quiz 
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Predict the major product or provide reagents to accomplish each ol the following transformations. More than 1 
step may be required to complete a transformation 



0 

1 

CH3CH2''''^0CH3 


1 CH^MgBr (excess) 

-► 

2 H3O* 



0 

1 

CH3CH2"''^0H 





Problem 685 


Contributer: 

Citation: 

Keywords: 


Eric Jacobsen 

Mechanism quiz 


Using the curved-arrow formalism, provide a reasonable mechanism for each of the following reaction: 
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Problem 686 Contributer: Eric Jacobsen 

Citation: 

Keywords: Mechanism quiz 


Usir »9 the curved-arrow formalism, provide a reasonable mechanism for each of the following reactions. 



HN. ,cH3 

CH, 


LX, 


cat H 2 S 04 ^ 



(Hint: B^irdine rtng opening is 
mechanisticBiiy Bnalogous to 
epoxide ring opening} 


Problem 687 


Contributer: 

Citation: 

Keywords: 


Eric Jacobsen 

Mechanism quiz 


Using the curved-arrow formalism, provide a reasonable mechanism for each of the following reaction: 



ProblCin 692 contributer: Jimmy Wu 

Citation: 

Keywords: Reaction quiz 

M in ih« r«agent$ m the Mowing $ynihe$is of progesterone 



1) 1.3-(ftoxolaA S-one. TFA 

2) KjCOj. MeOH/H^O 




Me 
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Problem 693 


Contributer: 

Citation: 

Keywords: 


Paul Bracher 

J. Org. Chem. 1980 , 45, 1176 
Reaction quiz 


Ptef»e fifi in ibe mis^g reagents m the following s^ntiesrs of sesbanme reported by Berchtold (J Org Chem 1&80. 
45,1176.) 



Problem 695 


Contributer: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett. 2003 , 55, 583-585 
Mechanism quiz 


Propose a mechanism for the following transformation reported by Reddy and co-workers (Og 2003, 5, 583-585). 



Problem 752 


Contributer: 

Citation: 

Keywords: 


David A. Evans 

J. Org. Chem. 1970 , 55, 4068 
Reaction quiz 
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In 1970, MarstiaM and Brady completed the fifs! synthesis of the sesquiterpene hinoso) by the route outlined Pelow (J CVp Ghem 1970^ S5, 4060) Using 
your knowledge of organic chemislry. lill in Ihe appropriate reagents and other building blocks that would be needed to oomplete this synthesis You do 
not need to record normal acid or base Isolaticns. 



Answers 


To see the answers to these problems, enter your email address here and a link will 
be sent to you: 


Retrieve Answers 


start a New Search 
SEARCH PROBLEMS BY CLASS 


Advanced Organic Chemistry Cumulative Exams, Chem 206 select 


About This Search 

This is the the primary seareh fiinetion for the problems database. It is the most speeifie seareh available. To begin, seleet a elass from the list. The next page will offer 
keywords with whieh you may refine your seareh. The seareh will then return all matehed problems. 
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iJerartnient iif ChuniJiiLry 
and Oiemiuai BitiLogyr 
Harvard UmverNtlyi' 


hlOME 


Challenging Problems in 
Chemistiy and Chemical Biology 


1 ^ 


SEARCH PROBLEMS 


Advanced Organic Chemistry Cumulative Exams, Chem 206 


Problem 1 


Contributer: David A. Evans 

Citation: Eur, J. Chem. 2002 , 791-801 

Keywords: Rearrangement 


The fdlowing "one-pat' S 3 mthesis of semibulvalene was neeentiy reported by J. Sauer (Eifl-, /, Chetn. 2002, 791-801). 



Provide a plausible mechanism for this ti’ansfoimatian in the space below: 


Problem 10 Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett. 2000 , 2, 1903 
Rearrangement 


Take da and co-workers have recently re ported the mechanistically interesting rtng extension reactionillustmted below 
{Gig. Lett. 2000,2, 1903). 




Provide a plausible mechanism for this ti’ansfonnation in the space below. 
Igyiore the steteochsnical aspect of this tstisformation 


PfiQU| 0 IY| 13 Contributer: David A. Evans 

Citation: J. Am. Chem. Soc. 2002 , 124, 12426 

Keywords: Rearrangement 

The following ti’ansfoimatian was lecentiy leparted by Stoltz (J. Am. Chem. Soc 2002, 124, 12426). In addition ta the 
illush’ated product styrene and dinitrogen are produced as by-pro ducts in this ti’ansfoimation. 



>20:1, 80% yield 

Provide a plausible mechanism for this ti’ansfomiation in the space below and identify inteim ediate 1 . Your mechanism 
should pin vide a rationalization for the product stereochemical relationship. 


Problem 17 


Contributer: 

Citation: 

Keywords: 


David A. Evans 

J. Org. Chem. 2001 , 3, 569-572 
Rearrangement 
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The reaction illustrated below was recently reported by Snider and co-workers (O^g. Lett 2001, 123,569-572). 
Provide a mechanism for tiis transformation in Ihe space below. Where stereochemical issues are present 
provide clear three dimensional drawings to support your answer. 



Problem 18 Contrlbuter: David A. Evans 

c w Citation: Organic Lett. 2001 , 3, 1181-1183 

Keywords: Rearrangement 

The following transfoimation was recently reported by Rodriguez (0?g, Lett. 2001, 3, 1181-1183). 



Part A What is the structure and function of AIEN in this reaction? 

PartE Provide a mechanism for the illustrated rearrangements) of A to E. Where stereochemical issues are present, 
provide clear three dimensional dravdngs to support your answer. 


Problem 19 


Contributor: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett. 2001 , 3, 1925-1927 
Rearrangement 


The foil owing ti^sfonnatiDn was recently reported by Baniault and D eon in conjunction with their synthesis of 
arteanniun M (0?g. Lett. 2001, 3, 1925-1927). Provide a mechanism for the illustmted theimal rean’angement(s) of A tn B. 
Where stereochemical issues are atstak^ pinvide dear three dimensional dmwings to suppoiiyour answer. 



product 

diasteroomer 


Provide your answer in the space below: 


Problem 20 


Contributor: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett. 2001 , 3, 115-117 
Rearrangement 


T. V. Ovaska and co-woikei’s have recently reported the complex reaiTangementillustrated below as an entiy into the 
phorbol skeleton (Org, Lett 2001, 3, 115-117). Provide a mechanism for the illuskated ti^sfoimatiorL Where 
stereochemical features are an issue, provide dear three dimensional dravwings to support your answer. 
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Problem 22 


Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

Chem. Commun. 1983 , 384 
Rearrangement 


An interesting example of the Ritter Reaction was repoited some time ago by R. V. Stevens Copmfm. 3S4 19S3). The 

relevant process illusti’ated below afforded an efficient two-step synthesis of makomakine. In contemplating this 
ti^sfonnation, view Hg(2+), to be functioning as a catalyst in the pinduction of X. 


IVle 



cat Hg(N 03)2 
CH 2 Q 2 . -30 


3MNaOH 

NaBH. 



In the space below, provide a mechanism for the illushated twchstep tiansfoimation and identify the stnacture X. 


Problem 31 


Contributor: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1999 , 121, 9726 
Rearrangement 


In the Panek lecture he desciibed the transfoimation illushated below. This hansfoimation is an exhapolation of the 
recent publication of MacMillan and co-woikei^ (/ACS, 1999, J21, 9726). 


OMe 



Pravide a detailed mechanism for the illushated hansfonnation. Use thiae-dimensional lapresentations, wheia lalevant 
to illus hate the stereochemical aspects of the individual steps. 


Problem 33 


Contributor: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett. 2000 , 2, 191 
Rearrangement 


Recently, Rizacassa laported the s 3 ?nthesis of the spiinketal-containing natuial product lavenomydn B. An important 
tiansfonnationin this synthesis was the r ear langement illus hated below (eq 1) (Rizacassa Org. Letters. 2000, 2, 191). 



Provide a mechanism for the oveiall tiansfonnationin the space below. It is important that you deduce the 
stereo chem i shy of intennediate A. Use thia e-dim ensional la presentations, wheia relevant to illus hate the steiao chemical 
aspects of the individual steps. 


Problem 36 


Contributor: David A. Evans 

Citation: Tetrahedron Lett. 1998 , 39, 2247-2248 

Keywords: Rearrangement 
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Patane and co-workers recentiy documented the unusual add-induced reaiTangement of com pie statin (1) to Ihe related 
natural pinduct chloropeptin 1 (2) {Tdrsiiedrcm Lett 199S, 39, 2247-2248). This obseivationis significant since it i^ses the 
prospect ihat the two natural products might be bio genetically related through the illustrated reari^gement. 


OH 



Part A. In Ihe space below, dmw out each of the inteimediates that might be anticipated in the ti^sfoimation of 1 to 2. For 
simplidtyuse the stiuctunes 1* and 2* in answeiing this question. Your mechanism should accommodate the spedfic D(+) 
incorpomtion at position 7 of the indole nudeus. 

PartE. In your opinion, what is providing the dliving force for this reari^gement 


Problem 38 


Contributer: 

Citation: 

Keywords: 


David A. Evans 

Helv. Chem. Acta 1997 , 80, 2148-2156 
Rearrangement 


The ti^sfoimationillusti’ated below was recentty reported by Gimud {Helv. Chim. Adal997,80, 2148-56). 



Ci0Hi4NO2Br 


In the space below, draw out each of the inteimediates that might be antidpatedin the ti’ansfoimatton of 1 to the 
illushated products. Please provide the stinctures for A, and B. 


Problem 41 


Contributer: 

Citation: 

Keywords: 


Robert M. Williams 

Tetrahedron Lett. 1995 , 36, 3495-3498 
Rearrangement 


Pftdwa neporied Itie intereslir»g translofmatiori below. Pravicfe a delailed mechanism and identify any 
named raactkins in thi& s^uanca. (Padwa. A. Tef. Lstt., 139S. 3<5(2D>. 3495-349S) 



Problem 43 


Contributer: David A. Evans 

Citation: J. Org. Chem. 1996 , 61, 7976 

Keywords: Rearrangement 
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Moone (/, Org. Chem.1996, 61, 7976) recently repaited the elegant S-step ti’ansfonnatton that is illustrated by the specific 
example below. 


JO 

2) 

H 3) 

1 , major (57%) 2, minor (11 %) 

Part A. Draw out a plausible mechanism for the ti^sfoimation to the major product isomer 1. 

PartE. Draw out a plausible mechanism for the ti^sfoimation to the minor product isomer 2. 




Problem 46 


Contributer: 

Citation: 

Keywords: 


David A. Evans 

Chem. Commun. 1995, 2527 
Rearrangement 


Sakum Coifsnuii. 1995, 2527) recently reported 

the silver ion induced reari’angement of 1 to the bicyclic 
|5-lactam 2 

Provide a plausible mechanism for this ti’ansfoimation in 
the space below. 



R-,90 


AgBF4 


H H 



CHO 


2 O' 


CO^Me 


Problem 47 


Contributer: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1995 , 117, 10413 
Rearrangement 


Wood recently reported a veiy clever approach to the s 3 mthesis of the indolocaibazole family of natural products 
{JACS 1995, 117, 10413). His approach to the indolocarbazole core is the one-pot transfoimatiQn outlined below. 




Provide a plausible mechanism for this multi-step transfoimationin the space below. 


P|-qU| 0 |y| AQ Contributer: David A. Evans 

Citation: J. Am. Chem. Soc. 1995, i 17, 10391 

Keywords: Rearrangement 

Oveimanand MacMillan (JACS 1995, 117, 10391) recently reported the synthesis of the diterpene, 7-deacetQX3^cyDnin 
(1) illustrated below. The keynote reaction in this synthesis is the Lewis add catalyzed transformation illustrated below, 
a process that has previously been investigated in the Overman Group (JACS 1991, 113, 3534). 




Propose a detailed mechanism for this transfoimation. Be sure to deally identify the stereochemical control elements 
that are operating in the creation of the new stereogenic centers. 
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Problem 51 


Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

Tetrahedron 1996 , 52, 3403 
Rearrangement 


Aube {TetraJiedrcfii 1996, 52, 3403) recently re pa lied an efficient approach to the synthesis of polycyclic lactams. A typical 
ti^sfonnationis provided below (eq 2). 



Provide a plausible mechanism for this ti’ansfonnatiDn in the space below. 


Problem 56 


Contributer: 

Citation: 

Keywords: 


Grace Wang 

Chem. Commun. 1994, 2259 
Rearrangement 


The recentiy isolated irregular sesquiterpene myltaylenol (1) stimulated Srikrishna 
and oo-workers (C/iem Commun. 19S4, 2259) to study the blogenetically modeled 
acid-promoted rearrangement of 2 which leads to the desired terpenoid skeleton in 
good yield, In the space below, provide a detailed mechanism for the transformation 
of 2 to 3 




BF3OEI2 

CH2CI2 
60% yield 



A.Sriknshna, Cfiem. Com/nyrt. 2259. 


Provide an expedient synthesis of 2 from ihe allylic alcohol 4. 



Problem 57 


Contributer: David A. Evans 

Citation: Tetrahedron Lett. 1993 , 34, 579 

Keywords: Rearrangement 
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Kende iiecently reported (TetraJiedrayiLdt. 1993,34,579) the intiiguing themial reari’angement shown below (eq 1). 

In this reaiTangement the H & NR 2 are effectively interchanged. When the fonnyl H is replaced with D, the deuteiium 
label also ti^sfei^. 

0 


(PhCH2)2l;J 
IVle- 


.A 


H(D) 
CO^IVle 



( 1 ) 


To provide infoimation on the mechanism of the reaction, a cross-over expeiiment was earned out (eq 2). In this 
expeiiment equal quantities of 1 and 3, canying different ester and amine moieties, were combined and reaiTanged to 
afford equal quantities of products la-ld. 



1, % = N(CH 2 Ph) 2 , R 2 = Me la, R^ = N(CH 2 Ph) 2 , R 2 = Me R^ = N(CH 2 Pha) 2 , R 2 = Me 

3, R^ = N(CH2Rha3^, R 2 = Et 4b, R^ = N(CH2Rha)^, R 2 = Et 4d, % = N(CH2Ph)^, R 2 = Et 

Provide a mechanism for this reaction that is consistent with the infoimation pinvided. An additional bit of infoimation 
on this ti’ansfoimation was provided with a continuous IR scan of the reaction vdiich reveals the buildup of a sharp 
absorbance in the region at 2220 cm-1 which disappears upon foimation of product. Identify the inteimediate that is 
responsible for this IR band. 


Problem 60 


Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

Tetrahedron Lett. 1987 , 28, 1267 
Rearrangement 


Provide a detailed mechanism for the cyclization reported by Vercautem and co-workers {Tetraliedrcm Lett. 1987, 2S, 1267). 



Youi mechamsin for this transformatLon 


Problem 72 


Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

Angew. Chem. 2002 , 41, 4316 
Rearrangement 



Provide a plausible mechanism for this reaction sequence. Your answer should include three-dimensional structures 
that accurately depict ground and transition state representations. 


Problem 73 


Conthbuter: David A. Evans 

Citation: 

Keywords: Rearrangement 
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Duiing the May 5ih seminar of Professor 5. Ginnowitz at Haivard on the chemistiy of 
thiophene-l,l-di oxides, several mechanistically in hi guing h’ansfoiinaticDins were presented (eq 1, 2). 



Part A. Provide a plausible mechanism for the ti^sfoimahonillustmted in eq 1. 

PartB. Pnovide a plausible mechanism for the ti’ansfoim ah on illustrated in eq 62 

Coimnentaiy: Please take care with the rendeiing of sh^ictures in your mechanisms. They should be 
unambiguously drawn. 


Problem 78 


Contributer: David A. Evans 

Citation: Chem. Commun. 2003 , 276 

Keywords: Rearrangement 


The illush’ated diastereoselechve dihydropyi^ synthesis has been reported by Deligny and 
2003, 276). 



co-workers {Chem Commm. 


"Goad Sd/ectMy" 


Provide a plausible mechanism for this reach on sequence. Your answer should include three-dimensional sh’uc hires 
that accurately depict graund and hansition state representahons. 


Problem 79 


Contributer: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1988 , 110, 6558 
Rearrangement 


In a synthesis of taxusin, the pivotal reachon(s) vdiich generated the bicydo [5.3.1.]-undecane ling system 
characterti she of this family of terpenoids are illustrated below. Given the illush’ated timsfonnahon, 
what specific reagents would you employ to cany out this process. 



Holton S Co workers, JACS,^^Q, 6658 (1988). 



Problem 82 


Contributer: 

Citation: 

Keywords: 


David A. Evans 

Chem. Commun. 1975 , 921 
Rearrangement 
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Chiral methyl grou ps are commonly used to probe the stereochemical outcome of biological 
reaction mechanisms. Iwtany interesting strategies have been developed b synthesize chiral 
methyl grou ps in hi^ enantiomeric eiccess. The first approach. designed by Arigori [CRsw. 
Ctjsnsnc/n. 19T5, 921). is illustrated below. 


D D 




Provide a mechanism for the following transformafon that accounts br the (H.D.T) stereochemistry of the chiral 
methyl group. You do notneed to accountfor tie stereochemistry at the sterred carbon (it was notdetermined by 
the investigators). 


Problem 83 


Contributer: David A. Evans 

Citation: J. Org. Chem. 2001 , 66 , 1228 

Keywords: Rearrangement 


The illustrated Khovenagel-type condensation recentyreported by Nohami et al. [J. Crg. Cftew. 2001 , SS. 1228) 
should prove to be a generally useful transformation. 




olher rm products 


In the space below, provide a mechanism for the indcated tansformation. 


Problem 84 


Contributer: 

Citation: 

Keywords: 


David A. Evans 

Tetrahedron Lett , 31, 5471 
Rearrangement 


The illustrated tansformation was reported by Kurihara et al. [Tat Latt. 1990, 31. 5471). 



NaNUM^i. 

-3 

THF. 25 “C 



Provide a mechanism for the in dcated transformafon fiat accounts for theoverall stereochemicaJ outome of tie 
reaction. Three dmensional drawings should be provided to su pportyour answer. 


Problem 85 


Contributer: 

Citation: 

Keywords: 


David A. Evans 

Tetrahedron 1959 , 5, 53 
Rearrangement 


In a classic thermal transformation first disclosed by Doering and Gddstein [TaraftadfUifj. 1959, 5, 53), tie acyi azide 
below was heated in the presence of butanol to afford a 1:1 mi Aire of diastereomers. Later studies by Muller and 
coworhers determined that enantiomerically pre starting material provides enantiomerically pure lactem product 


100 "C 


d-BuOH 

toluene 






Please provide a mechanism of this tansformation while paying part cular attention to the stereochemistry of the 
process. 


Problem 88 


Contributor: 

Citation: 

Keywords: 


David A. Evans 

J. Org. Chem. 1998 , 63, 8188 
Rearrangement 


Please provide a mechanism for tie following hi^ temperature reacton fiat was reported by Yranzo and co- worhers 
[J. Off dfjmj. 1 998. 63 0100). 



Craw a plausi tie mechanism for the transformator to tie m^or product isomer. Do cofjn ncute a^yfsdeal 
jo iBfjn adsa. tes in yoi/r ans war 
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Problem 90 


Contributer: 

Citation: 

Keywords: 


David A. Evans 

J. Org. Chem. 2001 , 66 , 2350 
Rearrangement 


The syntiesis of the marasmane sesquiterpene sheleton has been to topic ofsetieral 
research g'ou ps. ha recent paper [J. Oy. tftac?. 2001, 6S, 2350) de Ooot et al. have 
developed an ingeneous approach to the assembiage of this ring systm. 


MelV^I 

- 

pH 7 isolation 




IVte 



marasmane sheleton 


In the space beloiu. provide a mechanism for the indcated tansformation . 


Problem 96 


Contributor: 

Citation: 

Keywords: 


David A. Evans 

Angew. Chem. 2001 , 40, 1235 
Rearrangement 


Frequently, the I imitng factor in the uj ides pread use of chiral ca-&lysts is he efficiency of the chiral ligand synthesis. 
Knochel [Angsw. Chem. inf. Ed 2001, 40^ 1235) has developed an efficient rhodium cahlyst for asymmetric 
Hydroboraton. The heystepin the synthesis of the chiral ligand is illustrated below (eq 1). 



2aPPhi _ tduene 

-^ A -^ 

DMAP reflu j( 



( 1 ) 


Please provide a mechanism for he reaction in equaton 1 and identify he intermedate A. 


Problem 103 co^ibuten 

Citation: 

Keywords: 


David A. Evans 

Tetrahedron Lett. 2003 , 44, 1129-1132 
Rearrangement 


The following intramolecular sulfur transfer process was recenliy reported by Ortiz {Tetrahed-ran Lett 2003, 44, 1129-1132) 
and eaiiierby Palomo (JACS 2001, 123, 5602). Predict ihe stereochemical outcome of this transfoimation. 



a) SnQ 4 

b) H20 


SH 



R 


di as te re os election-98:2 (72%) 


Problem 104 Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

Evans, Unpublished Results 
Rearrangement 


The indioted aUyimaial mdaopliiU adds re^selectiviely to the iiidioted (ydoheKaiiorie deriTra.tEre 1 to afford the 
tertiary aloohols 2 r and 3c having the indimted stereochenustry (Evans & Andrews, 1974). These 

addiicts may be individually rearranged to the indioted aldehyies 3^ and 3b with oomplete oontnol of 
stereochemistry. This set of transformations readily provides access to functionalised quaterrory centers. 



Provide a mechanism for the transformation of 2 r into 3d that is consistent with the experimental cbserraticns. 
Where appropoiate, provide three-dimensiorHl drawings to reinforce your answer. 


Problem 107 Co^ibuter: 

Citation: 

Keywords: 


David A. Evans 

J. Org. Chem. 2001 , 66 , 7751 
Rearrangement 
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In Heatkoock's recent synthetic approach to the alkaloids, an interesting series of tiansformationswere used 

(Heathoocl, JOG, 2001, 66,7751). 



Please provide a mechanism for each reaction and identify the structure of intermediate A. 


Problem 108 


Contributer: 

Citation: 

Keywords: 


David A. Evans 

Angew. Chem. 1999 , 38, 971 
Rearrangement 


The fumaglllln natural products possess several Interesting biological 
properties including entibiolic eclivily egeinet Staf^yiococcuB suereus. In 
Sofensen^ recent s/nthese o( tiimagdol (Anigeiv: Crtem, Jhf. Ed". lAW, 38. 
971), intarmadialo 1 was translormdd into lls a-oxygionalad countorpart 3 
through the indicatecl neadion a^quence. 






In the space below, Identify the structure ot Intermediate A and provide a mecfianlsm lo^r the transliormallon ot 1 Into 2. 


Problem 116 Contnbuter: 

Citation: 

Keywords: 


David A. Evans 

Angew. Chem. 2000 , 39, 569-573 
Rearrangement 


In their total synthesis of (+)-methyl ep^asmonate (1), Fehr and co-workers [Angeuj.ChstilTit. Eci. 2000,569-573) deftly relay 
stereochemical relatiaiiships about the cycbpentane skeleton. Their synthetic sequence is outhnedbelow. 




Fkrt A. Fiovide a clear 3-dimensiaiial drawing which clearly illustrates the control elements for the reduction of 2 to 3. 


Ftirt B. Provide a mechanism for the transformation of malonate 4 to methyl ester 5. 

Ftirt C Discuss the stereochentical attributes of the epooddationof 5 to gj.ve 6. IRnt Jf shmli !e rated hs^e fhitf other 
agenti sfidj as MCFBA arefar iss stereoseisi^ve. 


Problem 117 


Contributer: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 2001 , 123, 2448 
Rearrangement 


In a recent article, MacMillan and Yoon (JAGS 2001, 123,2440) reported the complsK reaiian^ment illustrated below. 



dfSfiBfBCVBfBPifon 

Fart A. Provide a mechanism for this overall transfoimation. In answering this question, you should illustiate 
those transition states where stereocenters are generated and where stereochemcalintonmfionis relayed. 

Fart B. From your answer in Fart A, illustrate the stereochentiml relationships in the diantide product A. 
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Problem 118 Contnbuter: 

Citation: 

Keywords: 


David A. Evans 

Angew. Chem. 2002 , 41, 4688 
Rearrangement 


A stereoselective synthesis of the antitumor alkaloid FR66579has 
been reported by Ciufolini (AngeLC. Chem. Ed. 2002, 42,46SS). 

This question pertains to the transformations labeled A and E. 

Part A. Rationalize the stereochemical outcome of this di as tere os elective 
carbonyl addition. 

Part E . Provide a deteil ed m echanism for this transfoim alion. 







Problem 119 Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett. 2002 , 4, 1371 
Rearrangement 


Baniaulthas reported an interesting theim ally initiated reaction cascade {Org. Lett 2002, 4, 1371). One of his reported 
ti’ansfomiations is illustmted below. The paper indudes ten related examples. 



Provide a detailed mechanism for this reaction cascade. Your answer should in dude three-dimensional stiMctures 
that accurately depict ground and timsition state representations. 


P|-qU| 0 |y| 122 Contributor: David A. Evans 

Citation: Organic Lett. 2001 , 3, 3033-3035 

Keywords: Rearrangement 

The interesting traiTsiorimtioiiillustiated below was recently leportedbyF. West and co-workers ipyg.lAt. 2001, 3, 
3033-303 . The pivotal reaction upon which this transtannation was designed is a peruydic process that affords a 
pivotal element of stereocontroL 


TiCli. CH 2 O 2 

5 min 
99% yield 


Ikrt A. Identify the pericycli: process that intenrenes in the illustrated transformation and illustrate the relative 
contiguration(s) stereDoenter(s) tlat are generated. 

Part B. Provide a mechanism for the oisrall transformation. Since stereochemical issues are at stake, orefully 
rendered 3-D conformational drawing should be inoorpjoratedmto your answer. 




Problem 125 Co^tributer: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett. 2001 , 3, 3257-3260 
Rearrangement 
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The follawiiig reaction was lecent^ leportedby Ama.t and co-workers (C^. 2001, 3, 32 5?-3260). Provide a 

mechanism for the this transionration which, is consistent with the product stereochemistry. Slinoe stereochemital 
issues are at stake, (aiefuHy rendered 3-D ooniarmatiorHl drawing shouldbe incorporated into your answer. 



Problem 139 Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

Angew. Chem. 2000, 39, 4073 
Rearrangement 


Fukuyama has recently reported an ele^nt synthesis of gelsamine (1) {Angsv.Chsn.Jri.Ed. 2000,39,4073). 
During the course of the synthesis, the rearran^ment of 2-* 3 was reported (eql). 


.OSiEta 

P 


-^ 

toluene, -20 "C 


CHO 

\ COjMe 


EtaSiO' H 
2 3 

Provide a ooncise meclmiism for this reaction in the space below. 



g^aftj^e ff} 


Problem 141 conthbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Org. Chem. 2001, 66, 886 
Rearrangement 


Aube Iras recently reported the transformations illustratedbelow (J. Oyg. Ch£f?L 2001, 66,886-889). In this study he has 
documented that the observed product is dependent on the tether len^ between the aade and orbonyl functional 




Part A. Provide a mechanism for the transformation illustrated in Eql. 
FkrtB. Provide a mechanism for the transformation illustrated in Eq 2. 
Part C Brief ^ rationalise the difference in reactivity. 


Problem 142 contributor: 

Citation: 

Keywords: 


David A. Evans 

J. Org. Chem. 1992, 57, 1179 
Rearrangement 


During the course of the Osrman synthesis of punulotojdn {). Oyg. 1992,57,1179) the inditated transformation 
was carried out with the expectation that the bdcychc ketone 2 would be enantiopure since the starting amine 1 was 
enantiomerially pure. Surprisin^y, product 2 was obtained as a racemate. 


1 

/Bnaniapura} 



2 

^ eBfjjfe} 


Part A. Provide a mechanism for this transformation that accounts for the illustrated stereochemiol outcome. 


The re vised synthesis of erantiomeiically pure 2 is illustratedbelow {). Ot'^. Owk 1992, 57,1179). Addition of 3 to 
several equivalents of the illustrated allenyUithiumrea^nt afforded carbor^l adduct 4 as a sin^ drastereomer. This 
intermediate was then transformed into enantiopure 2 under acidic conditions. 


OTFA 


1 


sevafaf aqufv 


KdO' 



H y 


■'Olyyte 

HCi 'Me 
4 (dfastafucv-afaeicm :=^7:3} 



2 

(anafyiofxjf^ 


Part B. Provide an e^qjlatration for the hi^ level of stereocontrol that is observed in the orbonyl addition step. A 
three dimensional drawing of the cafboi^l addition transition state is requested in coi^unction with this answer. 

Ftirt C Provide a mechanism for the transformation of 4 to 2. 
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Problem 145 


Contributer: 

Citation: 

Keywords: 


David A. Evans 

J. Org. Chem. 1978, 43, 3705 
Rearrangement 


Mkrtiti K-ulme has described a biGommetic approach to the oorEtniction of the aspodospenm allaloid sheleton 
Chsti. 1976, ^3,370 55 . One of the reactions deiKloped in his laboratory is illustrated below. 



CGjMe 



DMF.KjCOj 


Provide a detailed mechanisniforthe illustrated transformatbn. 



Problem 146 Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Org. Chem. 1985, 50, 961 
Rearrangement 


An interesting rearrangement which also results in the construction of this same ring system (Question Ins been 
reported by Langbds & coworkers O-Org. Chem. 1965,50,961). This rearrangement is iUustratedbelow. 



Provide a detailed mechanism for the illustrated transformation. Use three-dimensioml representations, where 
relevant, to illustrate the stereochemiml aspects of the individual steps. 


Problem 147 contributor: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett. 2000, 2, 3011 
Rearrangement 


Kita^wa and coworkers (Org. Lett. 2000,2, 3011) haiK recently described the trifluaroacetic add (TFA) mtalyaed 
rearrangement iUustratedbelow. 


su tElituent nel rate 
R= H 1 

R = t BU 370 



R 



Ftirt A. Provide a aondse meclnnism for this reaction in the spacebelow. 

Ftiit E. Please rationaliae the rate difference for the two substrates. Hifi: In ths J reesmmefni fhaf 

you hiiiiiamjiielofthestafiingeychh^iiTiene. 


Problem 148 co^ibuter: 

Citation: 

Keywords: 


David A. Evans 
SynLett 1997, 1161 
Rearrangement 


Mehta and coworkers (SyfiLdf 1997,1161) haiK recently described the W-bromosuacinimide (NBS) promoted 
rearrangement iUustratedbelow. While the product was assigned the ejo stereochemistry as iUustrated in 1, DAE feels 
that the epi-1 structure mnnotbe ruled out. 




ep-1 


Provide a oondse meclmiism for this reaction in the spacebelow. 


Problem 150 contributor: 

Citation: 

Keywords: 


David A. Evans 

Rearrangement 


Provide a oondse meclmiism for the indioted reaction in the spacebelow. 
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Problem 152 Conthbuter: 

Citation: 

Keywords: 


David A. Evans 
1991 , 1203 
Rearrangement 


The foUjowing stersoselectivie transfamia.tiDri has been reported by Hoffmann Am. Own. 1991,1203). Provide 

the stereostructuie of the major prodruct and rationaliae the stereochemical ontoome of the process. 




IWteCHO 


Cy = cycloheryl 


The product ? 
Sts^sssisitian: > 20.1 


pyaizid 


The lationaliaatian ? 


P|iQ|^| 0 IY| 153 Conthbuter: David A. Evans 

Citation: 

Keywords: Rearrangement 

Provide the stereostructure of the major product of the indioted h^nsformatian, andrationaliae the stereochemiol 
outcome of the process. 


LDAn-MSCI 

->- 

Etp 


Themtimalkation? p^d 



The product ? 
Steyeosizisztion: >1(VI 


P|iQ|^| 0 IY| 109 Conthbuter: David A. Evans 

Citation: 

Keywords: Rearrangement 


Padwa has reported the rhodium-catalyEed oonpIeK osode processes illustrated below (Eq 1,2). At issue here is the 
consequence of the reaction of a rhodium oibenoid with a triple bond, a process that we did not directly discuss. If you 
deduce the mechanism of the transformation in Eql, the more complex variant illustrated inEq 2 will be soluble. 

□ 


(1) 




□f^. Own. 1993,55, 



Part A. Provide a concise meclonism for the tiansformantion illustrated in Eq 1. 
Part B. Provide a concise mechanism for the transformantion illustrated inEq2. 


Problem 170 Co^tributer: 

Citation: 

Keywords: 


David A. Evans 

J. Org. Chem. 2000 , 65, 8564 
Rearrangement 


Moore las recently reported the illustrated reaction cascade which rapidly leads to the assemblage of the illustrated 
tricyclic diketone (J. Own. 2000, 55,8564). 



Provide a concise meclenism for the illustiated reaction sequence in the space below. 


Problem 175 contributor: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1972 , 2891 
Rearrangement 
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In oorqmijctionwith effort; to deirelopa ^neial approach to the ;ynthe;i; of the hasubanan alkalaid 
Cephaiaminfij the following tcansfomiatian hasbeen reported (Evan;, JACS, 1972,2891). Provide a 
medianion for tin; reaction. Clearly identify intermediate; A and B. 


Intemned ate 
A 



Intemned ate 
B 


NaSH 

MeOH 



Problem 176 Contributer: 

Citation: 

Keywords: 


David A. Evans 

J. Org. Chem. 1989, 5205 
Rearrangement 


Provide a mechanian for the following tran;fomiatian that predict; the ;tereochemi;tiy at the ;taired ("^ ofbon 
atom; (Paquette, JOC, 1989, 520 5). 

Me 



Problem 177 co^ibuter: 

Citation: 

Keywords: 


David A. Evans 

Tetrahedron Lett. 1998, 39, 4133 
Rearrangement 


Provide a mechanian that predict; the dbeerved dereochemi;tiy at the ;tarTed (^ carbon atom; (P^jagjpalan, 
Tdrah£i^n Ldt. 1996,39,4133). Draw the ;tarting material, eadi intermediate, and the product clear!^ in 3D. 



Problem 178 Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Org. Chem. 1979, 882 
Rearrangement 


Provide a mechani;tic rationale for the following observation; (Btirtlett, P. A JOC, 1979,882). 
Note: the product; were diown tobe ;table to the reaction condition;. 



Conditions 1 : 2 

Conditions A: Steady add ion of ROH t vnamine. ^ -|0;-| 

Cond itio ns B: ROM an d yn ami ne si med in ti e 

presence of a catalytic amount of BFa'eltierate in b 1:1G 

benzene for 4 days. 


Problem 183 


Contributer: 

Citation: 

Keywords: 


David A. Evans 

Tetrahedron Lett. 1990, 5357 
Rearrangement 
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Fmijijde a inedianismfortlie following traiisionmtion ifloxaa., Lett. 1990^ 535?). 



Problem 184 


Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

Chem. Commun. 1997, 2263 
Rearrangement 


The key step ill Kim's synthesis of perhyirohistriamootojan, 3, was the conversdonof mtemiediate 1 to ketone 2 in a 
single add-otalyaed txansfoonation {Chetn. Cbwwmn., 1997,2263). Provide a mechanism for the conversian of 1 to 2 
that aocounts for the obsensd stereochemistry. 



Problem 185 conthbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1999, 121, 6771 
Rearrangement 


Ojring Coney^s recent synthesis of Aspidophytine (7.4C£f 1999. 121 . 6771). the pi-uotal interrmeciate 3 was assem tied 
by the union of 1 and 2 under the specified conditions. Provide a mechanism for this sin ^e- pot Iran sbrmation. 



Problem 188 conthbuter: 

Citation: 

Keywords: 


David A. Evans 

Tetrahedron Lett. 1983, 1621 
Rearrangement 


Provide a mechanism for the following reaction that predicts the stereochemistry at the starred (') carbon atoms 
(Vahntm,I’L, 1963,1621). -p. 


O H NC 

H 

hA: 


c9 


.HO^ 

Me 


Problem 192 


Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

Chem. Commun. 1992, 342 
Rearrangement 


Provide a mechanism for the following reaction Ccfmfh, 1992, 342). 
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Problem 193 Cont^uter: 

Citation: 

Keywords: 


David A. Evans 

J. Org. Chem. 1985, 235 
Rearrangement 


Provide a mechanism for the indicated transfbimatiDn that predicts the obsei-ved stereochemishy at the three staiTed (*) 
carbon atoms (/OC^ 1985, 2S5). 



Problem 195 Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1984, 7643 
Rearrangement 


Provide a mechanism for the indicated ti’ansfomiation that accounts for the obsei-ved stereochemical outcome 
iJACS, 1981, 7643). 



Problem 198 conthbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1973, 2724 
Rearrangement 


Provide a mechanism for the thennal conversion of Mquinacene to azulene {JACS, 1973, 2724). 



Problem 203 co^ibuten 

Citation: 

Keywords: 


David A. Evans 

J. Org. Chem. 1998 
Rearrangement 


Provide mechanisms that account for the stereoselective fonnation of the products obtained by h’eatment of aldehyde A to 
the conditions shavmbelovt^. Biiefly comment on the difference in reactivity under the two sets of conditions (/OC, 1998, 



Problem 212 conthbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1985, 107, 1034 
Rearrangement 
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Provide a meehanism for Ihe following ti’ansfomiation. Identify A andE in your reaction sequence. (Okamura JACS 1985, 
107, lOM). 



Problem 213 co^ibuten 

Citation: 

Keywords: 


David A. Evans 

Tetrahedron Lett. 1972, 2923 
Rearrangement 


Based on the knowledge that you have acquired in this coui^e, predict 
the product of the reaction and provide a mechanism for the 
ti’ansfonnation. In addition to the molecular fonnula of the product 
the NMR spechurn indicated the presence of three olefinic H's, one 
OMe fragment and one OEt fmgment (Trf. Lett. 1972, 2923). 

To receive full credit yoti must also illushate how any new 
stereochemical relationships are created. 



N2=CHCC^Et 


Cu(l) 


CO^Me 

CgHgNOgS 


Ci2Hi5NC^S 


Problem 215 Contnbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Org. Chem. 1999, 64, 2170 
Rearrangement 


Provide a mechanism for the following set of transformations (/. Org. Chem. 1999, 64, 2170). It should be noted that 
compound A exhibits a strong carbonyl frequency in the infrared spectrum. Clearly indicate ihe structure of compound A 
and the relative stereochemistry of any chiral intermediates. 



Ph Li 



2) acidic workup 
-MeOH 


compound A heat 80'^ C 

^ 28^2803 


OMe 



Problem 216 contributor: 

Citation: 

Keywords: 


David A. Evans 

Tetrahedron 1999, 55, 13369 
Rearrangement 


Provide a mechanism for this reari^gement that predicts the major product diastereomer {Tetrdiedrcfri, 1999, 55, 13369). 



BnO- 


Problem 217 Co^tributer: 

Citation: 

Keywords: 


David A. Evans 

Tetrahedron Lett. 1993, 579 
Rearrangement 
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Provide a mechanism far ihe following reaction. The reaction was shovm to proceed through isocyanate (RNCO) X. 
Identify X (Kende, TL, 1993,579). 



Problem 218 Co^tributer: 

Citation: 

Keywords: 


David A. Evans 

Angew. Chem. 1998, 3173 
Rearrangement 


Provide a plausible mechanism for the following anionic reaiTangement (Schlosser, AC/E, 1998, 3173). 




Problem 225 Co^tributer: 

Citation: 

Keywords: 


David A. Evans 

J. Org. Chem. 1983, 48, 2685 
Rearrangement 


One of the most innovative reactions which results in the constiuction of the aspidospeima alkaloid skeleton has 
recently been reported by Professor L Ove im an (/OC 1983, 48, 2685). Provide a concise mechanism for this reaction. 



Problem 230 Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1986, 110, 6556 
Rearrangement 


Wiite a plausible mechanism for the reaction illusti’ated below. Where stereochemistiy is an issue, dmw the confoimation 
of Ihe reacting entity vdiich illustrates Ihe relationship between chi and pro chiral centers. 



Trcst S Co-workers, JACS, 110, 6566(1988). 


Problem 231 co^ibuten 

Citation: 

Keywords: 


David A. Evans 

J. Org. Chem. 1988, 53, 4508 
Rearrangement 
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Wiite a plausible medaanism for Ihe twchstep illush’ated below. Where stereochemistiyis anissu^ dmw Ihe 
confonnation of the reacting entity vd^ich illustrates the relationship between chi and pro chi rat centei^. 



62% yield 


Problem 233 Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 2001, 123, 5152 
Rearrangement 


Snapper and co-workers have reported an approach to the [5.3.0] ling system that is com mm on to a 
number of sesquiterpenes(/j^CS 2001 , 223,5152). One cited example is alismol whose structure is 
provi ded for reference. Upon theim dysis, the illustrated tetracydic ester is transformed into the 
illustrated bicydic ring system in 64% yeld (eq 1). 


U 


<I 




Me 


>130"C 


TBSO^ 



( 1 ) 


OTBS 



HO Me 


Alismol 


Provide a plausible mechanism for this transformation. Your answer should indude an explanatin of the somewhat 
unusual stereochemical inversion of the center cariyng the flagged "red"hydrogen. 


Problem 234 conthbuter: 

Citation: 

Keywords: 


Carl A. Morales 

J. Am. Chem. Soc. 2002, 124, 12426 
Rearrangement 


Rfo.‘nt ifptrk frinm Jatw tifi ntin-‘Crtrhonyl-^tnhili;^ccl Tnctsillocnrhenracls haa fwhTi'd "the dcwdctTimcnl; eif 

A Ijiidiim rhcjJium-tjljlyrtfd B4inf(3rd-S^j(.‘Vi?nN/Lhi‘TTnj| alipliulic ClUii^n TTtiarranjjTnLinl Pli'aw.; 

d^Tnon^itmtc ymir nppr«Lati(!(n f<!ir thm mt’lliodology by pRwiding a pl,nu.mhJ(^ mfchani^m fnr tKi.’ im.pn'snivr 
Lrjn«ftjrmaii<3n bel^i'iv, niKlinfj ihe; rtljiivi: slen::xKirTtijKlry <if iKt: pirsdurl ;*nd ihe; furl Ibul 'dyrrnft is a bypniduU 
cif thL' 





Problem 237 conthbuter: 

Citation: 

Keywords: 


Carl A. Morales 

J. Am. Chem. Soc. 1983, 105, 4349 
Rearrangement 


Thv fpIlriTvin.^ two JitL'p rL'aUion wqumci' convcrtn starling mntcruil A inlo C whcrL' under (he fondilions of the 
sicp. C is Iln priiducL 15. Pmv idL- if»CT;tiuFiisrfiS lof Ihc torlvu-rsnin of A Iej B jtiiJ ftyr II l<] C und 

pts-slkt tilt.' KterisiiL'hiiimLKtry of B and C alLur iHD I'aprusL'ntJtii^iis. to justify your cliaiDC. 


IMS 



A e 



c 


□ 


Problem 240 conthbuter: 

Citation: 

Keywords: 


Carl A. Morales 

Angew. Chem. 2002, 41, 4492 
Rearrangement 
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]ti a rccfnt n-Tiyrt of a formal synthtiiis of SJtcnimv ri’iiL-iirchcrs irpyrtLxl a tandem poJycj'tli^atiyn ivhLch nffordT'd 

Lho F:)lk:rymjj und miliL>r pnid.-ucLs. Pliiust: prc^pMiM.- it Tnt:rliLtnlr<m hnr ih-is LitiLm t^hkh jiiimunin fiir 

both prcjducISv thodr rflalivL* stHimochamifttry, and ttudi reljatlvc di^,tributiofi. 



43% 24% 


Problem 241 Contrlbuter: 

Citation: 

Keywords: 


David A. Evans 

Angew. Chem. 2002 , 41, 4323 
Rearrangement 


Renaud has disclosed an interesting reaction cascade {Angew. Chem. int. Ed 2002.41, 4323). One of ttie 
reported transformations is illustrated below, The paper includes six related examples. 



Provide a plausible mechanism for this reaction cascade. Your answer should include three-dimensional 
structures that accurately depict ground and transition state representations. 



Problem 242 


Contributor: 

Citation: 

Keywords: 


David A. Evans 

Angew. Chem. 2002, 41, 4321-4323 
Rearrangement 


Renaud has disclosed an interesting reaction cascade {Angew. Chem. int. Ed. 2002, 41, 4321). One of the 
reported transformations is illustrated below. The paper includes related examples. 



Provide a plausible mechanism for this reaction cascade. Your answer should include three-dimensional 
structures that accurately depict ground and transition state representations. 


Problem 243 


Contributor: 

Citation: 

Keywords: 


David A. Evans 

Chem. Commun. 2003, 798 
Rearrangement 


The following hng contmetion has been lie ported by Li and eo-workers (CfieiM, Commun. 2003, 798). One of 
the le ported transfonnations is illustrated below. The paper indudes nine related examples. 



EtsAHSequiv) AS-'CHaOH 
THF, reflux 


>90% yield 


□Bn 


"OBn 


Provide a plausible mechanism for this reaction cascade. Your answer should include three-dimensional 
stiuclures that accurately depict ground and transition state representations. 


Problem 258 Conthbuter: 

Citation: 

Keywords: 


Tetrahedron Lett. 1982, 23, 3931 
Rearrangement 


PrHfvIdt.'' j TTiLirbunlMTi for Ih^: Tncludii iht; KhiPt-sirliL'ml^t■y (|]| InldxnL'dl^tL'N ^nd 


1) tt-BuU 
2) 
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Problem 260 Contnbuter: 

Citation: 

Keywords: 


Carl A. Morales 

Strategies & Tactics in Org. Syn. 1991, 3, 165-198 
Rearrangement 


UkItis 3D pntivid^' a mtfhiini^m fnf thf tranHfiirmation bcbw. 



BFa'Et^O 

CF3&O3H 



Problem 261 Conthbuter: 

Citation: 

Keywords: 


Carl A. Morales 

J. Am. Chem. Soc. 1995, 117, 7379 
Rearrangement 


PiMSi.' pm vide j TTlct-hLaniSm f<u Lht ihji tk'arly liJiplainK ihtj fcyrmalidn uf lh<i 

a1il4:hyJc‘' pmcLucL and tha lark (if 



not ofisefved 


Problem 262 Co^tributer: 

Citation: 

Keywords: 


Carl A. Morales 

J. Am. Chem. Soc. 1995, 117, 7379 
Rearrangement 


Pk'aNd pnivldt." a Tti^clmnism fur Lh*.'- FolUi^vin^ tra^^^4]^mallH1^ that rkarly L!]lplai^^ Ihtj e*c«:FLi,Silft: Fc/rmali^in ihic 
a1d.4:hyde pmdncL and tha lark «]F k<^l4:ne. 



Bfa-EtiO 

-78 X 


unu 


Crto 



Problem 264 conthbuter: 

Citation: 

Keywords: 


Carl A. Morales 

J. Org. Chem. 1996, 61, 9065 
Rearrangement 


[n ii rtfcnt i^tudy, the -authon^ bej'an lifL- with rhiral eptixidi' A and ofcUiriL'd aldehyde B follo'iM'itij; thf 

c[]nJili 4 :n^ brUnv. Pre^vidt; a mL-<chanism thal arnnunt^ f>::r Ibih' sle.TULrdi'NLrurliV-^ prcK: 4 'T^s. VlMj dii nnl havtj I 41 
explain tht dE^ubk- bnmd giuimnliy' in Ih^i produrt. 



Problem 265 Contributer: 

Citation: 

Keywords: 


Carl A. Morales 

J. Org. Chem. 1986, 51, 5503 
Rearrangement 


Tht‘ followinj' rcattion a kLy };tep in thT‘ L-nanlitiHekftivt' synthehs n(f (+)'dilwydmc(^!;liinolide 1. Pravidf a 

ncaMtnnabk: mLirlianlsm fnr Lhe vltsilkii of 2 Itn .1 rlcar JD rOpnciwi.fltalions. 



Problem 266 co^ibuter: 

Citation: 

Keywords: 


Carl A. Morales 

Tetrahedron Lett. 1972, 2923 
Rearrangement 
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Provide a mecfianlsm lof me lollowing transformaliori and predlcl the stereocliemlstrif ol me product 
(YBahimoto, M. Tslfshedron 1072, S923>. 



53% 


Problem 279 Contnbuter: 

Citation: 

Keywords: 


Jake Janey 

Angew. Chem. 2003, 42, 2540-2543 
Rearrangement 


Kogenhas reported an interesting rearrangement of indoline-2-meihand to 2,2,3-tri substituted tetrahydroquinoline {Aizgew. 
Chetn. Int. Ed., Bngl. 2003 , 42, 254(>2543). Along with numerous examples, they reported a s 3 rnthesis of (-)-virantmycin. 
Propose a plausible mechanism for this rearrangement. 




Problem 280 co^ibuten 

Citation: 

Keywords: 


Jake Janey 

Angew. Chem. 2003, 42, 2534-2536 
Rearrangement 


J. S. Johnson has reported away of forming a-hydroxy ketones by a cross condensation of an aldehyde and an acyl silane 
catalyzed by KCN/ [IS]crown-6 {Angeu?. Chetn. Int Ed., Engl. 2003 , 42, 2534). This reaction is quite general for foiming a 
variety of ct-hydrOKy ketones. Provide a plausible mechanism for this cyanide catalyzed reaction. 


LJ LJ 

A ^ A 


cat. KCN/[18]crown-6 



DSiEk 


Problem 284 contnbuter: 

Citation: 

Keywords: 


Karl Scheldt 

J. Org. Chem. 1990, 55 , 1374-1375 
Rearrangement 


In 1950, Johnson reported the useful reaction illustmted below for the synthesis of o-amino phenyl acetates (/, Chem. 1990 , 
55, 1374). This general pracessis generalizable to the ortho alkylation of aniline derivatives. 



:0/-Bu 


Me-^ 


Provide a plausible mechanism for this reaction. 



Problem 286 contnbuter: 

Citation: 

Keywords: 


Keith Woerpel 

Organic Lett. 2003, 5 , 333 
Rearrangement 
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McVVhtirter reported a transformation of indoJenes that is likely involved in the biosynthesis of biologically active indole 
diterpenei; 2003r 5, 333). Provide a mechanism for the illustrated transformation. 



ftovide a mechanism for the illustrated transformation. 


Problem 287 Co^tributer: 

Citation: 

Keywords: 


Keith Woerpel 

J. Am. Chem. Soc. 1994, 116, 3290 
Rearrangement 


Provide a mechanism for the illustrated transfoimation, and rationalize the stereochemistry (S. Kiwayama, S. 
Kobayashi /. Am. Chem. Soc. 1994, J 3290). 



silica gel 


h days 

room temperature 



Problem 289 Conthbuter: 

Citation: 

Keywords: 


Keith Woerpel 

J. Org. Chem. 1977 , 42, 363 
Rearrangement 


Provide a mechanism for the following transfon’mation (K. Yano, K. Yttshida /. Or^, Chem. 1977,42, 363). I'he paper 
describes another related example as well as kinetic data for these reactions, 



Problem 291 co^ibuten 

Citation: 

Keywords: 


Keith Woerpel 

Tetrahedron Lett 1995, 36, 1989 
Rearrangement 


rhe biosynthesis of a family of sesquiterpenes, the pterosins, are believed to involve acid-catalyzed reanangements. Ftn 
example, the reaction shown below is believed to be part of the biosynthetic patliway. This transformation is part of 
Padwa's paper describing approaches to the synthesis of these natural products (A. Fadwa Tctrahedroti Leit. 1995, 36, 1989), 
Provide a meehanismfor this reaction. 



Problem 292 conthbuter: 

Citation: 

Keywords: 


Keith Woerpel 

Tetrahedron Lett. 1998, 39, 7239 
Rearrangement 


25 of 62 


6/30/2007 9:48 PM 


SEARCH BY KEYWORD - CCB Challenging Problems 


http://daecrl.chem.harvard.edu/cgi-bin/problems/search3a_byKeyword.cgi 


Provide a mechanism Ett ihe fdlawing transE>rmalion (J. Aub^, Ti'trzihedron Ldt. 1998, 39, 7239). Your mechanism should 
account for steteochemistr^^ as well as the different outcomes depending upon Lewis acid. 



H 


{m^) 


Problem 295 Conthbuter: 

Citation: 

Keywords: 


Keith Woerpel 

J. Org. Chem. 1971 , 36, 2324 
Rearrangement 


Provide a mechanism E)r the Eillowing transformation (O. R. Kt^dig, /. Or^. Oicm. 1971, 36, 2324), 



Problem 296 conthbuter: 

Citation: 

Keywords: 


Keith Woerpel 

J. Org. Chem. 1998, 63, 6096 
Rearrangement 


PrtJvide a mechanism tor the Eillowing transformations (Y. Ito, /. Or^- Chem. 1998, 63, 6096). Your answers should 
account for the stereochemistry of the reactions. This paper shows several other examples of the top reaction, 



93% cc 


10 mol%j 
Me.SiOl'f 


CH2C\2 

72% 

12:1 dia:^temii;decthti 
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Problem 298 Contnbuter: 

Citation: 

Keywords: 


Keith Woerpel 

J. Am. Chem. Soc. 1988, 110, 2894 
Rearrangement 


Provide a mechanism fw the following transformation (A. Fadwa /. Am. Chcm. Soc. 1988, IIO, 2894), 



Problem 299 co^ibuten 

Citation: 

Keywords: 


Keith Woerpel 

Tetrahedron 1998, 54, 6457 
Rearrangement 


I'hermal decomposilitm of functionalized diazo compounds was found to provide some interesting structures (F, Leost, 
Tetrahedron 1998, 54, 6457). This paper includes several examples. Provide mechanisms for the forma bon of the following 
IVr^o products. 



Problem 304 Conthbuter: 

Citation: 

Keywords: 


Keith Woerpel 

J. Am. Chem. Soc. 1999, 121, 7476 
Rearrangement 


Provide a mechanism for the following transformation {G. Szeimies. /, Am. Chem. Soc. 1999, 121, 7476), 



Problem 305 Contributer: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett. 2003, ASAP 
Rearrangement 


A newly developed strategy has recently been reported for ihe constmction of eight-membened lings (0?g, Lett. 2003, ASAP). 
Provide a plausible mechanism for Ihe illustrated hansfonnation. Hease include confonnational drawings that also explain 
the stereodaemical outcome of the ti’ansfoimatian. 
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Problem 310 Contnbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Org. Chem. 1972, 37, 4090 
Rearrangement 


Sisti and Qtale [J. Cfg. Chaff}. 1972, 37. 4090) have reported that cis chlorodecalone f1) was treated with 
methyllithiunn and a mi rtire of stereoisomeric alcohds was isolated. When this mi rtjre of alcohds was converted to 
the derived magnesium alhoMdes and heated in benzene, tie ring contracted product (2) was isdated in 48'K overall 
yield. Itis interesting that none of tie trans methyidecalone (3) was observed. 



Pa-t A. Rationalize the formation of 2 from both diastereomeric alcohols derived from 1 . Please use carefully rendered 
three dmensional cfrawings te illustrate your answer. 


Pa't E. Explain why the indicated alhoxide does not lead te the formation of 3. 



H 3 H 


Problem 311 Co^tributer: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1986, 111, 1923 
Rearrangement 


The iodne-induced transfcrmaton shown below is a hey stepin the Williams synthesis of croomine 939. f ft. 

1923D. Gven the stereochemical outcome of the illustrated transformation, propose a detailed mechanism for this 
reaction sequence. Williams has recently provided anotierclosely reaction of the same design (Off. L^2003, 5. 



Problem 315 


Contributor: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1966, 88, 2494 
Rearrangement 


Berson and co-worhers have studied the thermal isomerizafon illustrated below [J4CS1966, 2494-25G2). 



Provide a rationalizaf on of tiese result. Three-dimensional cfrawings are recommended. 


Problem 325 contributor: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett. 2003, 5, 2619 
Rearrangement 


The furan shown below rearranges on standing at room temperature to the product shown below (Off. Latt. 2003, 5, 
2619). The mechanism proposed in the article fx this transfcrmaton is a [3.5] sigmatropic rearrangement. 




Pa-t A. Please provide a Dewar-Zimmerman and an FMO analysis fiat illustrates why tiis is not a plausible 
mechanism. 

Pa-t B. Hease provide a mechanism for this rearrangement that is more consistent with the rules of orbtal 
symmetry. You do not need to provide ajusttcation fcr tie step(s) of your mechanism. 



Problem 326 Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett. 2003, 5, 2747-2750 
Rearrangement 
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The illustrated tansfomnaton reported this year by West and co-wortiers {Offf. Lgtr. 2003, 5. 2747-2750) rapidly 
facilitates the construction of the com plex ticyclic hetone 1 in S7% yield. 



Please p-ovidea concise mechanism fortiis transformation. Use 3-dmensional rep-esentaf ons where app-opriate to 
ill ustrate your ans w er. 


P|-qU| 0 |y| 327 Contributer: David A. Evans 

Citation: Tetrahedron Lett. 1989, 30, 3509-3512 

Keywords: Rearrangement 

In 1989, Cha reported a study on the tiermal isomeriiaf on of alhoxypyrones (Tat Laff. 1 989, SO, 3509-3512). Cne of 
the cases slides was tie rearrangement of 1-*2. 


1 



2:1 > 20:1 


Pa't A. Provide a mechanism ibr this rean'angement in the space below. 

Pa't B. At equilibrium, 2 is strongly fevored over 1 (2:1 >20:1). Hease rationalize product steblity on tie basis of tie 
anomeric effect as was done by th e auth ors. 


Problem 328 co^ibuter: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett. 2002, 4, 4547-4549 
Rearrangement 


A synthesis of the hydrocarbon pentalenene was recently disclosed by Paquette and co-wortiers [Cfy. Latt. 2002, 4, 
4547-4649). The pivotal reaction cascade thataflbrds tie pentalenene core 1 is illustrated below. 



Faniaiafyana 


Please provide a mechanism for tie reaction cascade tiatnesults in the production of the tricyclic core 1. Your 
answer should include clear 3-D drawings where relevantand should clearly identfy intermediate X. 


Problem 332 co^ibuter: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 2003, 125, 13624-13625 
Rearrangement 


Stelti and co-wortiers recently reported the interesting rearrangement illustrated below (74CS2003, 12S. 13624). 



95% yield 


Please provide a mechanism for tie i Hu stated transformaton. Your answer should include clear 3- D ctawings where 
relevantand should provide tie stereochemistry of the m^or productdiastereoisomer. 


Problem 335 contributor: 

Citation: 

Keywords: 


David A. Evans 

Tetrahedron Lett. 1985, 26, 5277-5280 
Rearrangement 


Fitjer and co-workers (Tei-. Lstt. 1988, 29, 2630 reported a very interesting approach to the [3,3 ;3] prop el lane 1. 
This tricyclio ketone may be produced in quantitative yield through aoid-oatatyzed rearrangement of ketones 2 or 3. 


(eq 1) 





(eq2) 


Please provide a plausible mechanism for the rearrangement2-*1 (eq 1). Use 3-dmensional representatons where 
a ppro pri ate to i Hu state you r an s wer. 
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Problem 336 Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1982, 103, 82-87 
Rearrangement 


We have discussed the Pirrung approach t the synthesis of isocomerie [2) 982, IllS, 82-87) that tealines tie 

acid cafelyied nearrangement illustrated below (eq 1). In the Pirrung study the rearrarigement of hetne 3 was also 
reported (eq 2). 



Please provide a plausible mechanism for the rearrangement3-»4 (eq2). Use 3-dmensional representaions where 
a ppro pri ate to i Hu state you r an s wer. 


Problem 338 contributor: 

Citation: 

Keywords: 


David A. Evans 

Z. Naturforsch 1986, 386 
Rearrangement 


The iri dole alhaloid C-JaS^vindolinine readily iscmerizes irito its diastereomer urider the influence of trace 
amount of acid present in chloroform (Atta- ur- Rahman Z. Maiurforxh 1886, 386(5. 



Provide a mechanism for this rearrangementin tie space below. Explain why (19R) isomer is more stable than (19S). 


Problem 343 co^ibuten 

Citation: 

Keywords: 


David A. Evans 

Chem. Commun. 2003, 3044 
Rearrangement 


Langerand co-workei^ recently reported the interesting e/ra/7^Staudinger reaction illustrated below ( Ctiem Comm. 
2003 , 3044). The anticipated reaction product was pyrrole 3 while the observed product was 4 . 



1 2 


Step 1: a) 2 LD A -p 2; add 1; aqueous workup 

3 (Anticipated) 

Provide a detaiied mechanism tor this transformation. 



H 



4 (Observed) 

PPhg, THF45" C, 24 h 


Problem 344 contributor: 

Citation: 

Keywords: 


Keith Woerpel 

J. Org. Chem. 1994, 59, 5662 
Rearrangement 
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As pari af a. planned synthesis of anAifjfln/lUdacecu' alkaloid. Pearstm and Postich attempted a l amaoHeming 
oxidation, but a rearranged product was obtained. Provide a mediai\isin for the following transformation (W. 11. 
Pearson, M. J. Fostich, /. Or^. Chem. 1994,59,5662), 



Problem 346 Co^tributer: 

Citation: 

Keywords: 


Keith Woerpel 

J. Org. Chem. 2002, 67, 1388 
Rearrangement 


Provide a mechanism for the following transformation (A. K. Hergueta, H. W. Moore, /. Chem. 2002.67. 



Problem 347 


Contributer: 

Citation: 

Keywords: 


Keith Woerpel 

J. Org. Chem. 2002, 67, 2447 
Rearrangement 


I^ovide a mechanism for the following transformation (C, Unalereiglu, V. Aviyenle. S, Arseniyadis. 
/. Org, Chem. 2002, 67, 2447). 


Of-Bj 



Problem 349 


Contributer: 

Citation: 

Keywords: 


Keith Woerpel 

Organic Lett. 2000, 2, 663 
Rearrangement 


rhermolysis of 1,2-divinyJcycfohexanols leads to some interesting products (J, M. Warrington, G, F. 
A, Yap, L. Bfirriaull, Org, Lett. 2000,2,663). Provide a mechanism for this reaction, including a 
rationalization of stereochemistry. 



Problem 353 contributer: 

Citation: 

Keywords: 


Keith Woerpel 

Organic Lett. 2000, 2, 3011 
Rearrangement 
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Frovid^^ a mechanL&m far the folJawing reaction ('1'. J<itagawa, Grg. Lett. 2000,2.3011). 



Problem 359 Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 
Rearrangement 


An elegant en an tiodivergent synthesis of the potnt anti-tin gal reagent Preussin uas reported by Overman [JACS 
1994, 11241.). 



Pa't A. Provide a mechanism for the transformatiGn illustrated in Eq 1. Where stereochemicasi issues are involved, 
3-dmensional drauiings should be employed. 

Pa't E. Provide a mechanism br the transformaton illustrated in Eq 2. Where stereochemicasi issues are involved, 
3-cimensional drawings should be employed. 


Problem 364 Co^tributer: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett 2002, 4, 2629 
Rearrangement 


A recent paper by Ivtajum dar and co- w orti ers re ported the tran sformat on i llu stated belo w [ O/^fafisc ieff 2002, 4, 3629). 
Please provide a mechanism for this process. Feel free to use trace quantities of HXwhen needed. 



Problem 365 conthbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Org. Chem. 2001, 66 , 2884 
Rearrangement 


A recent paper by Ivtartens [JOC. 2001, 3884) reported the reaction shown below (Eq 1). Please provide a 

mechanism for the conversion of 1 to 2. It is noteworthy tiat the Rctet-Spengler of 1 does notgive 3. 



Problem 367 conthbuter: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett 2003, 5, 4775 
Rearrangement 
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A recent paper bv Woriiman and co- ujorhers ( Ofg. Lstt. 2003, 5, 4775) descri be an efficient reaction for 1h e formal on of 
spiro-heterocvcle 1. Propose a mechanism for the formation of 1. 



Problem 370 Conthbuter: 

Citation: 

Keywords: 


Jonathan scheerer 

Rearrangement 


Gibberellic acid is a notoriously sensitive natural product. Rearrangement occurs readily in both acidc and basic 
condition s. Provide a m ech an ism for the i Hu stated rearrangem en t u nder d lute H Cl. 



Problem 374 conthbuter: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett. 2003, 5, 5099 
Rearrangement 


Pagenkopf and Yu have reoemtly reported a new ■yiversity-brienled" oyrtihesis of pyrroles (Ojjj. Le# StKW, 5, 5099), 
The twe-3lep prowss illustraled twiow will accomodale a range of ’R" sutksfifuente, 



Provide a mecTiainlsm for fhe overall process and clearly Idenllly Intermediale A. 


Problem 376 conthbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Org. Chem. 1975, 2431 
Rearrangement 


The Katada rearrangement is a method to effect site specific owdaton of certain aromatic heterocycles. Please 
provide a mechanism for the specific exam pie of the Kafeda rearrangement shown below [J. CTsf. Cham. 1 975, 2431). 



Problem 377 Co^tributer: 

Citation: 

Keywords: 


Travis Dunn 

J. Org. Chem. 1975, 2431 
Rearrangement 


The Katada rearrangement is a method to effect site specific oxidaton of certain aromatic heterocycles. Please 
provide a mechanism for the specific exam pie of the Kafeda rearrangement shown below [J. Oy: Cham. 1975, 2431). 
When heterocycle 1 was treated with warm trifluoroacetc anhyd-ide and trifluoroacetic acid, the unexpected prQduct2 
was isolated. Please provide a mechanism tor this unusual rearrangement. 



Problem 378 contributor: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1994, 116, 1776 
Rearrangement 
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Paquetfe and co-woriiers have reported that thermal isomeriiatior of 1 occurs to give triene 2 as a single diastreomer 
(J.^CS 1994, JJ8. 1776). Provide a pJausiHe mechanism for this transformation and provide the product 
stereochelmical relationshipof 2 based on tie absolute stereochlemisty of ti e starting triene 1. 



Problem 380 Co^trlbuter: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett 1999, 677 
Rearrangement 


Taheda and co-ujorhers have developed an eficient stategy for the syn ti esis of tised 5,7 ring systems by reacting 
acyisilanes with lithium enolates (Off. L^.IQQQ. 677], Although the 5.7 blcyclic product 1 is often observed, the 
nature of the enolate nucleophile can affect the course of ti e reaction. 



35% 2S% 


Provide a mechanism 1br the formaton of boti tie antici pa ted 5.7 bicycle 1 and the tricyclic hetone 2. 


Problem 383 Co^trlbuter: 

Citation: 

Keywords: 


David A. Evans 

Tetrahedron 2000, 56, 2591 
Rearrangement 


Kass has reported the interest ng carbonium ion rearrangement shown below (retiaAadrm. 200G, 58 2591). 
Provide a mechanism for this tansformaf on . 



Problem 384 Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett 2000, 1625 
Rearrangement 


A hey step in Aubels total synthesis of (+)-AspidQspermidine (CJff. Latf., 2000, 1625i) involved the rearrangement 
shown in equation (1 ) to form the requisite nitrogen heterocycle. However, u pon su Section of the starfng aiide to 
Lewis acidic condfons, an unexpected rearrangement occurred as shown in equafon C2). Provide a mechanism for 
the formation of both tie expected and unexpected products. 




Problem 387 Contributen 

Citation: 

Keywords: 


Karl Scheidt 

Tetrahedron Lett 1965, 21, 2297 
Rearrangement 
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The tomiation of ketaJs from ketones is usually astraightfoiv/ard operation. However, it was found that tioatment of 
unsaturated ketone 1 with pTsOH and ethyiene giycol did not provide the expected ketai, but the aromatic compound 2 as 
the major product (Tetrahedron Lett. 1965 , 21, 2297). 



1 40% 

Provide a plausibie mechanism for this reaction. 



Problem 391 Conthbuter: 

Citation: 

Keywords: 


Karl Scheldt 

J. Am. Chem. Soc. 2003, 125, 9278 
Rearrangement 


A recent approach to the construction of 7-membered rings from aromatic systems such as 1 involves the following 
sequence of reactions (J. P. Clayden; F. E. Knowies S C. J. Menet J. Am. Chem. Soc 2003 125, 9278-9279). 



1 


1. ^BuLi, HMPA 

2. hv (500 nm) 

3. NH4Ci 


94% yieid 



Ph 


Propc^e a mechanism for this reaction and pay canefui attention to any sigmatropic and pericyciic processess. 


Problem 404 


Conthbuter: 

Citation: 

Keywords: 


Phillip S. Baran 

Organic Lett. 2000, 2, 2905 
Rearrangement 


Leighton and Bio have recentiy disclosed the f of lowing approach to the core of CP-263,114 ( C^g. Lett 2000 , 2905). 



Problem 405 co^ibuten 

Citation: 

Keywords: 


Phillip S. Baran 

Angew. Chem. 1975, 765 
Rearrangement 


Lechner and ChristI described this interesting, aibeit unintended degradation of 1 upon treatment with methyllithium 
{Angew. Ct^m t/t. Ed. 1975 , 765). These studies were undertaken en route to tetrahedrane, although the ultimate 
goal was never realized. 



Piease provide a mechanism fa this transfamation. 


Problem 407 conthbuter: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett. 2004, 6 , 613 
Rearrangement 
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Chiu and Li have reported the illiustrated acid-promoted cyclization that was designed to serve as a pivotai bond construction 
in the synthesis of guanacastepene A (Or^. Le^t2004, 6; 613). The authors note that the principai products may be reguiated 
through the proper seiection of Lewis acid promoter 



Provide a detailed mechanism for the formation of both products. Please denote the anticipated relative stereochemical 
relationship for the hydroazular^ product. 


Problem 409 Contrlbuter: 

Citation: 

Keywords: 


Dan O^Malley 

J. Org. Chem. 1977 , 42, 3114 
Rearrangement 


Tcsylmethyl isocyanate (TosMIC) is a remarkable reagent developed by van Leusen and co-lworkers at the Univeisity of 
Groningen. One use of this reagent is for the one-carbon homologation of ketones to nitriles as illustrated below (J. Org. 

1977 , 19, 3114). In the illustrated application, Roush has applied this methodolgy to his synthesis of dendrobine {J. 
Am. Chem. Sac 1900 , 4, 1390). 


o 


NC 


H 


\ 

Ts"^NC 

"TcsMIG' 

/ 

steps 

Me—N 


5 equiv. tBuOK 
DME, t-BuOH 


(Roush) 

COgMe 

^ [Me 

J''H 

Me""^^Me 


Me-^ 

"Me 

LJ - 

Me-^^ 

'Me 


Provide one or more plausible mechanisms for this transformation. 


Problem 410 Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

3. Am. Chem. Soc. 1991 , 113, 9692 
Rearrangement 


In 1977L. T. Scott reported the remarkable automerizat I on of naphthalene shown below (J/fCS" 1977 , ^45^). This study 
was followed up with a second report that provided aditional evidence that suggested that an intermediate, BF, is formed 
during the course of this rearrangement { JACS^99 ^, 113, 9692). 

oo 

a- ^C- labeled C-ioHg is isomerized into labeled CigHg at1035“C 
Provide one a more plausible mechanisms for this transformation and propose a reasonable structure for intermediate BF. 



Problem 411 


Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1991, 113, 7082 
Rearrangement 
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Corranulene, the bowl-shaped aromatic hydrocarbon illustrated below, is an aromatic hydrocarbon of theoretical interest. 
The interest in this structure follows from its polarized resonance structure that generates two internal Huckel 6- and 14-pi 
electron systems, thefiret synthesis of corranulene was reported by Lawton in 1966 through a multistep synthesis sequence 
( J/tCS'lQee, 88, 380). Subsequently, L. T. Scott reported the elegant high temperature synthesis of conannulene illustrated 
below 1001 , ^^:^ 7082). 




Internal Ring: 6 e~ 
Eiternal Ring: 14 e~ 



1000“C 

-* 

: ICr^'Torr 




Provide one or more plausible mechanisms for this transformation. 


Problem 414 


Conthbuter: 

Citation: 

Keywords: 


Ryan Shenvi 

Chem. Pharm. Bull. Japan 1995, 10, 1621 
Rearrangement 


Ishii and co-workers {Chem. Pharm. Bdi 1995. 10, I62i) reported photochemical reactions of several saturated v.ft- 
epoxy nitriles, one of which is shown below. 



Provide a detailed mechanism for this reaction, accounting for stereochemistry when possible, 


Problem 416 Contributer: 

Citation: 

Keywords: 


David A. Evans 

Angew. Chem. 2000, 39, 2852 
Rearrangement 


An example of a ger^ric Baeyer-Villiger reaction is illustrated below. PrecBdent has established that oxygen insertion occurs 
preferentially between the carbonyl and the more sterically demanding OO substituent (R). A representative set of data is 
provided below. 


^ ?l 

R 

kp /KMe 




1 O Me 

CHaCHa 

72 

0 major 

1 1 



Ji + CFoCOoH 

CHg/CHa^ 

150 

□ 

(CHaJsC 

mo 

minor 

PhCHa 

>2000 


Provide a rationalization tor this transformation using three-dimensional drawings. Do not ignore the important 
stereoelectronic issues associated with this transformation. Accordingly, begin by identifying the important HOMO-LUMO 
interactions. 


Problem 417 conthbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 2004, 126, 3634-3638 
Rearrangement 
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An elegant synthesis of (-)-gilbertine has been recently reported by Jireck and Blechert {JACS2004, 12&, 3534-3538). The 
pivotal transformation in this synthesis is illustrated below: 



Problem 419 Conthbuter: 

Citation; 

Keywords: 


Dan O'Malley 

Tetrahedron Lett. 1993 , 49, 7853 
Rearrangement 


While Investigating the reactivity of a-diazoketones, Padwa and c&workers ( TetTa/isdran Leit. 190Q, 49, 7853) discovered 
the interesting reaction of diazoketone 1 under the conditions shown below: 



□ 



2 1:1 mixture of 

diastereomers 


Provide a detailed mechanism for the formation of spirocycle 2. 


Problem 420 


Conthbuter: 

Citation: 

Keywords: 


Keith Woerpel 

J. Org. Chem. 2004, 69, 2516 
Rearrangement 


In the course of their studies of unusual hydrocarbcjns, Myers and co-workers carried out the folJowing transftimiation {/. 
Org. Chetn. 2004, (^9, 251b). Provide a mechanism. 



Problem 421 conthbuter: 

Citation: 

Keywords: 


Keith Woerpel 

Organic Lett. 2003, 5, 3899 
Rearrangement 


Aube and co-workers studied the reactions of azides ivilh a.^-unsaturated carbcjnyl compounds, and they observed some 
interesting products Cf3r^. Leif. 2003.5.3S99). Provide a mechanism for the following transformation. 



+ 



McjSiOTf 


0 to 22 
63% 



Problem 422 


Conthbuter: 

Citation: 

Keywords: 


Keith Woerpel 

Organic Lett. 2002, 4, 3891 
Rearrangement 
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I he fdJoi\T.ng transft>rmatiyn is a key step in B£J^eckma^'s synthesis laurenyne (Gr^, 2002,4,3S91). ftavide a 

mecharLism. 



Problem 428 Contnbuter: 

Citation: 

Keywords: 


Keith Woerpel 

Organic Lett. 2004, 6 , 1175 
Rearrangement 


A number of interesting transformations utilizing aJkylidene cy^clopropanes were recently reported (M. Shi Lett. 2004. 6, 
1175). Provide a mecharLisin for the following example. 



Problem 432 


Contributer: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett. 2004, 6 , 1761 
Rearrangement 


Benzofurans ar^ widespread heterocycles in nature and are common subunits in a range 
of biologically active compounds. An example of a benzofuran having antifungal and 
insecticidal activities is stemofuran A. An approach to the synthesis of this hetercycle has 
recently been reported by Naito(0/pf Le!f. 2004, 6; 17^1). The outline of the synthesis is 
illustrated below. The reagent employed in Step 2 is trifluoroacetyl triflate, a strong 
acylating agent. Provide a plausible mechanism for this transformation. 




Step 1 

condensation 


Step 2 
CF3CO(OTf) 


OMe 



OMe 


Problem 433 contributor: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett. 2004, 6 , 1773 
Rearrangement 


Clark and co-workers recently reported the highly stereoselective transformation of the(Z) and(E) crotyl ethers illustrated 
below Lett. 2004, 6, 1773-1776). As the authors note, the the literature precedents for the preferred geometry (exo 
vetsis endo) ate not in universal agreement. Draw out the intermediates and transition states for the rearrangement of 
the (Z) crotyl ether leading to the two princpal product diastereomers. Speculate what transition state control elements 
might be operative to favor one of the two transition states and draw the two principal product diatereomers A and B. 



dlastereoselection >955 (A) 


dlastereoselection >925 (B) 


Problem 434 contnbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 2001, 123, 11829 
Rearrangement 
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Charette and co-workers recently reported a creative approach to the enantioselective synthesis a-substitnted piperidine 
derivatives illustrated below (JACS 2001, 123, 11630). The alpha regioselectivities are generally >10:1 while the alpha 
diastereoseleclions are reported to be >95:5. Provide a detailed mechanism for the overall transformation Provide a 
rationalization for the stereochemical outcome of the addition reaction. Three-dimensional drawings that iiiustrate 
chirality transfer should be provided 



diastereo&eleclion 

>95:5 


Problem 435 Conthbuter: 

Citation: 

Keywords: 


Mihael DeMartino 

J. Org. Chem. 1996 , 61, 9169 
Rearrangement 


While engaged in research involving cydobutanones, Xia and Moore discovered the foiiowing two transformations (J. Org. 
Chem. 1992, 57, 3765) Four years later, the first of these discoveries was employed in the total synthesis of the assoanine, 
3 (J Org Chem. 1996, 61, 9168), a biologically interesting pyrrolophenanthride alkaloid isolated from Amaiyflidaceee 


OH 



Provide ptaudbie mechanisms for these transformations. 


Problem 438 Contributer: 

Citation: 

Keywords: 


Ryan Shenvi 

J. Org. Chem. 2004, 42, 4577 
Rearrangement 


Oshima and co-workers reported the Lewis-acid catalyzed transformation of strained lhcyclo[5.2 0.0]non-8-ene-2,6-diones to 
give, in most cases, a mixture of products (Tetrahedron Lett., 200%, 42, 5025). In one case, however, the reaction was both 
quantitative and stereoselective (J Org Chem., 2004, 69,4577), yielding the quadracycle shown below 



Problem 439 co^ibuten 

Citation: 

Keywords: 


Carlos Guerrero 

Helv. Chem. Acta 1977 , 60, 1419 
Rearrangement 
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While studying alkaloids isolated from Afstonia schotaris (Helv. Chim Acta 1977, 60, 14i9). Schmid etat. discovered the 
hitherto-unknown indole alkaloid nareline ( 1 ). Oxidation (CrOg, AcOH) gave structure 2, termed "oxonareline.^ Provide a 
plausible mechanism for this conversion. 



Provide a plausibie mechanism for this conversion. 


Problem 498 Conthbuter: 

Citation: 

Keywords: 


Pavel Nagorney 

J. Org. Chem. 2004, 5517 
Rearrangement 


Products 1rom the lodoetherltication (A ard 6}. wlien e}{posed lo base (DBNj, undergo oifferenl rearrangements. 
Please provide mechanisms that account for li^ divergent reaction pathMvays. 



This problem is nelated to Problem *37 


Problem 499 


Contributer: 

Citation: 

Keywords: 


Jon Scheerer 

J. Org. Chem. 2004, 5517 
Rearrangement 


Products trom the lodoetherltication (A and 6}. wfien exposed lo base (D6NI), undergo oifferenl rearrangements. 
Please provide mechanisms that account for the divergent reaction pathways. 



This problem is related to Problem 437 


Problem 596 contributer: 

Citation: 

Keywords: 


Louis Morency 

Tetrahedron Lett. 2004, 45, 6105 
Rearrangement 
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In a nscent paper by Morency and Banriault(7ef. Lett. 2004. 45, 6105), the following transformation 
was neported. The series of thermaily induced rearrangements afforded the cis decaiin product as a 
single dia stereo isomer in 60% yield. This transformation was reported as a modei study for 
eventual application to the synthesis of vinigrol (1) Provide a plausible mechanism for this 
transformation and explain the selectivity 


Me Me 



H 



Problem 633 Conthbuter: 

Citation: 

Keywords: 


Jon Scheerer 

J. Am. Chem. Soc. 2004, 126, 5364 
Rearrangement 


Mapp and co-woikers disclo-sed a unique synthesis of allylic amines (J4CS. SOW, 12$, 5364.). Please provide a 
mei:tiani&m for ttie process that accounts Tor lha observed itie olefin SBlecbvity. 


Me Me 



2) PhCh^Ni, 
xylene, 140X 


Problem 698 Co^tributer: 

Citation: 

Keywords: 


Jon Scheerer 

Organic Lett. 2004, 63, 4691 
Rearrangement 


A s^m^ls cl lycHaminei recantly pribllehed (Tu. Org. Lett 2004. 3, 46^1 
A sequence from ITie report Is pfowJ^ below. Please provide a mechanism for 
the overall transfomatior (A to B) that explains the nigh diaslereoselecllvllyol 
the process, Your answer atiould nighSglit miermedlate K. 


IJrBuLi, TMEDA 


N63(1.1 equiv) 

^-PrOH 


93% 

> 9&: 1 fif.r, 



Problem 699 Co^tributer: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 2004, 126, 15652 
Rearrangement 


Rychnovsky and Dalgard (JACS ZM4, t26. 15652) have reported Ihe new dlastereoselecllve pyranone 
synthesis iHuslrated below fEq 1). 



Ploa£« proMda a iiHcnaril£iiiii lor thl& roarrangamont lhat account lot tna slaroocnamical oulcoma. Tnrs«- 
dlmensonal representations are required tor your rartionalizallon Ihe steps Involving diirallly transfer. 


Problem 701 Contnbuter: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett. 2001, 36, 1737 
Rearrangement 
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OgasHwara and co-workers have utilized the [3.2.tl hicyclic structure for the synthesis of a wide variety of terpene 
ratural products. In the case at hand. [3.2.1] bicycla A was coverted to B in one cparation (Orgi. Lett. 2001. 1737) en 

route to (+)-ferruginol, 



Please provide a mechanism for the oonversion of A. to B Use 3-D pictures where relevamt. 


Problem 714 Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 2004, 126, 13600 
Rearrangement 


Provide a reasonable mechanism for the following reaction ropcrtod by Borhan fjACS 2004, 126 , 1360Q). 


00 

Me;=S-Me 

@1 

Me 



Problem 715 contributor: 

Citation: 

Keywords: 


Noah Burns 

J. Org. Chem. 1991, 56, 4006 
Rearrangement 


In 1991, Molina and coworkers reported the following domino reaction sequence (J Org Chem. 1991, 56, 4008) Editorially speaking, this 
transforrmation is ideal for a final examination on the evaluation of pericyclic processes! 


OMe 



^COgEt 


1. PPha 


2. PhjC=C=0 

3. 150“, Os, 1611, 46% 



Provide a mechanism to account for this multisteptransformation, 


Problem 716 Contributen 

Citation: 

Keywords: 


Michael DeMartino 

Organic Lett. 2001, 3, 1359 
Rearrangement 


During the course of studying the regioselectivity of cy cl opropanecar boxy late ring openings, Ohta and coworkers discovered the 
transformation illustrated below {Tetrahedron Letters 1995, 36, 5603) When coumarin 1 was treated with excess {2A eq) of the 
Corey-Chaykovsky ylide, an unexpected product 2 was generated in 64 %. This new reaction has been applied to the first total 
synthesis of (±)-linderol A {Org. Lett. 2001,3,1359) 



Provide a plausible mechanism for this transformation The authors provide two different mechanisms (one in each of the 
aforementioned references), but did not attempt to prove either. 


Problem 727 Co^tributer: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett. 2002, 45, 2629 
Rearrangement 


Please piovlde a mecnanism tor me following trarsformallon {Org. ieff.. 2M2, 4. 3629.), being sure to classify any 
pericyclic pnocewes that intervene. 


132 4h 


stKi yield 
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Problem 728 Conthbuter: 

Citation: 

Keywords: 


Jon Scheerer 

Angew. Chem. 2005, 44, 9926 
Rearrangement 


A recent report has imvesligated the cationic cydization of oiefins under Lewis acidic conditioris [ACtE.. StK>5. 44, 99 ) 
The lollowirtg eiCBmples {A-C} era cl incfaeBirtg diTticully sod sre rramed in a specifk; crder. PlecBe provide b 
mscfianism lor 



Part B; Fot Ms ifu^llon prowftfe 



Problem 733 Co^tributer: 

Citation: 

Keywords: 


Jon Scheerer 

J. Org. Chem. 2004, ASAP, 
Rearrangement 


FR 301443 is ao immunosuppressant developed by Fujisawa Pharmaceutical 
Gcmpany. Recanlly. b FciinaJ lotal BynlhBBOB cl FR 901483 wbb discln^d IhBl 



MeO' 

1 " 


OBn OBn (p-metfioKyphenyi. PMP> 



Problem 735 conthbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Org. Chem. 2005, 70, 334-337 
Rearrangement 
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fl-Diazokelones are Krown lo decompose to carteres under photodhemicaJ excitation, It has neoeritty been shown that 
In Ihe or imlntes, tha pholo^goomposltiDn ol diazokotonea p-lactams with gocKt diaslsreoDontrol 

{JOC, iM&, 70^ 334^537), 




Ph 

N'^S 


CH^GIz 


pn 


Srngite Diast&reofnsf 


PfovnlB a meshantEfTf tor Iha abovB trartEtonnafion. Kour answer should include an explanation for ^f^El 
diastefeos^ctMty at this process. 


Problem 738 Co^tributer: 

Citation: 

Keywords: 


Jon Scheerer 

J. Am. Chem. Soc. 2004, 126, 2194 
Rearrangement 


In 1&91, FenicaJ and Clardy reported Ihe isolation of eight- 
mem bered lactones, which were termed ootalaotins. The parent 
member, octalaclin fiy (1 J, was recently synthesized hy Holmes and 
00 -workers iJACS, a0<i4. }26, 21&4). 

Part A. Pleasd provlda a mechianlgm lor the two-stop 
bdlow than provides Ihd aight-memberdd ring. use 3-D 
llluatratiotYS in your axplalnallon. fWfffCtj fs wiiy an 




atacefaf SaPh 


1) HalOj, NaHCOj, kteOH, H^p 
3) KjCOj, xyiene, IflO 


4|>% (2 steps) 



Part B. Pfsase provide a rationBle For the salectivo hydroganalion illuslratad below. 



Problem 739 Co^tributer: 

Citation: 

Keywords: 


Jon Scheerer 

Organic Lett. 2004, 67, 1317 
Rearrangement 


The rapid assembly of the bicyclol5.3.1]undecane core of penostalln F was recently reported by Barnault and coworkers 
{Cyg Lett 20CM, 6, 1317). In thlE rsmorkabla transformatian dihydropyran 1 k converted to ttie highly complen tricydB 3 
m only two operartiorrs. Please proM'Ide a detailed meehanlsm for this reaction sequerice. Be sure to Indicate all 
peficyclic readkinE. 



Problem 740 Co^tributer: 

Citation: 

Keywords: 


Jon Scheerer 

J. Org. Chem. 1995, 60, 3318 
Rearrangement 


The synthesis of raoemic letrsmelhylmediterraneol B was t«tram«thylmedttertan&ot B 



Problem 741 Co^tributer: 

Citation: 

Keywords: 


Jon Scheerer 

J. Org. Chem. 1991, 56, 2523 
Rearrangement 
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Please ptovide a mectiarism for Itie lollowing lianslofmation f,JOC, 1 .5ft 2 S 2 S). 



Problem 762 Contributer: 

Citation: 

Keywords: 


David A. Evans 

Angew. Chem. 2005, 44, 1221-1222 
Rearrangement 


Harrowven and so-workers recently reported the synUiesis colorrbiasin Chemie fnt. Ed. 

200S, 44^ 1221-1222). The first series of steps begins witb the union of the carvone-dehved ketone 
1 and squarate 2 to fonn hydroquinone 3 (eq 1). Upon oxidation,and subsequent heating 3 is tA 
trenstbnned irito colombiasin. pieage also see the related ProbicETi 763. 



:k 


3 Eitepa 


3 




a, 14+2] cycloaddUfon 
t, BF3*0B2 


Problem 7S2. Using your general knowledge of ofganic chemistry, illustate the reactions and reagents needed to 
transform 1 and 2 into 3. Please provide reasonable mechanisms for each of the steps 


Probfom 7^3, In m earlier study, Rychnovsky and co-workers demonslrated foaretfucfore® related fo 3 (R ■ could be trenslofmed innlo 
the biogeneticalty rslalEiJ natural product EUsaptBrnsin £4) by treatment with BFj*OEt2 CAnpew. C/jBmiefof. Fcf. 2003, 42 . 12!67-127n>. 



Elisapterosin (4) 


Provide e mechanism for this transformation, 


Problem 765 co^ibuten 

Citation: 

Keywords: 


Ryan Shenvi 

Organic Lett. 2004, 6 , 3191 
Rearrangement 


Based on the pioneering work of Murai iOrganometaiiics 1&96, 15, 901) and Furstner (J. Am. Chem. See. 20€0. 122, 6785- 
6786), Echavarren and co-workers {Org. Lett. 2004, 6.3191) demonstrated the interesting sequence of transformations 
shown below, 



PiCi^, PhMe, 
80 -C, 6 h 
84% 



DDQ, 

10:1 CHsCIsiHp. 

40 "C, 2 h 

60% 



Please show the correct structure of compound A and delineate a mechanism for each transformation 


Problem 767 Conthbuter: 

Citation: 

Keywords: 


Karl Scheldt 

Organic Lett. 2005, 7, 515 
Rearrangement 


Ring expansions can dnve reactions to provide interesting products. In recent work by Min bio le and 
ooworkers [Org. Lett. 2005. 7, 515), the combination of cyclopropane alcohol C and aldehydes 0 aftords 
the seven membered rings (E) with catalytic quantities of Lewis acids. Provide a mechanism for this 
process that aooounts for the observed cis-diastereoselectivilv. 


’ix 


c 


Your Arawer; 



0 


l>.3 aqui'i' AHOTfJj 
CHjplj 



only da obeafved 
507CIS4 jfislUs 
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Problem 768 Contnbuter: 

Citation: 

Keywords: 


Karl Scheldt 

Organic Lett. 2004, 6 , 3853 
Rearrangement 


Using clear 3D representations, proyide a mechanisin for the transformation below. {Org. Lett. 2004. 6, 
3853) 


Your Answer: 



SnCt.,. a^C 


Hp 4-^CHO 


Problem 769 Conthbuter: 

Citation: 

Keywords: 


Karl Scheldt 

J. Am. Chem. Soc. 2002, 124, 13399 
Rearrangement 


in a recent synthesis of (+)-aspidospennidine by Marino {J. Am. Cfiem. Soc. 2002, 124. 13399). a 
highly diastereoselective transformation was employed utilizing sulfur lo afford the y-butyrolactone 
product, (shown below). Provide a detailed mechanism for this prooess and indicate the 
stereochemistry of any newly formed asymmetric centers. HIMT; The Zh(Cu) reagent is a 2 electron 
donor that is mi;<ed with the trichloroacetyl chloride prior to the addition of the sulfbKide, 



?n(Cu) 
THF. -45 “C 


7B% 



Problem 770 Co^tributer: 

Citation: 

Keywords: 


Karl Scheldt 

Organic Lett. 2004, 6 , 123 
Rearrangement 


Please provide a rationale for the stereoselective synthesis of cyclic ethers in a single step shown by Sinha 
and coworkers {Org. Leit. 2004, 6. 123). Be sure to provide clear 3D drawing to account for the observed 
stereoselectivity. (Note. An ejffiessof Bu^BOTI (> 2 equiv) is necessary for the reaction lo proceed.) 


¥£iur Answer: 



Problem 771 conthbuter: 

Citation: 

Keywords: 


Karl Scheldt 

J. Am. Chem. Soc. 2001, 123, 5144 
Rearrangement 


The synthesis of tetrahydropyrans is an Important goal in access bioactive natural products. In a dislosure 
by West and Marmsater (J. Am. Chem. Soc. 2001, 123, S144), the conversion of H to J proceeds with good 
yield in the presence of Cu(ll) catalysts. Indicate which stereoisomer is lormed and provide a mechanism 
for this reaction which includes a rationale for the observed diastereoselectivity. 


Your ArB««er; 



Cu^tg salt 
CM^Ia 



BD% yield 


Problem 775 co^ibuten 

Citation: 

Keywords: 


Ryan Ashok Shenvl 

Angew. Chem. 2003, 42, 1955 
Rearrangement 
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In a study of ttie Pd-mediated coupling reaction of 2.3-allenoic acids with fi3-1-alkenyl halides, compound 1 was formed as 
the major product in 58% yield {Angew. Chem. tnl Ed.. 2003, 42, 1955). When the deuterium labeled substrate 2 was 
subjected to the same reaction conditions, product 3 was obtained in 52% yield. 



Propose a reasonable mechanism for the transformation that ejcpiains the fate of the deuterium atoms. 


Problem 779 Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett 2005, 7, 475-477 
Rearrangement 


TTH r«a£Uon or itu iiiuGir^d ^ru-diyriie 2 wttti sodium a^ido at 80 '^C ariorde itu b«nztriazoi«s 2 . and a.[Org. Lett. 
2M5, 7 . 475-477. 



z a 


Provide plausible moclianisms lor this transformalion. 


Problem 780 Co^tributer: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1991, 113, 8062-8069 
Rearrangement 


Sanlilli and oo-workers reported this Lewis acid catalyzed reaction (Santilli etal. JACS1991,113i 0D62-8O69). 



Plea&e provide a reasonable mechanism for ibis iransformalion that includes ibe rationalization of the 
stereochemical outcome of the transformation. 


Problem 782 


Conthbuter: 

Citation: 

Keywords: 


Ian Fleming 

Tetrahedron Lett 1972, 895 
Rearrangement 


Bohimarin K^plj^yti tr^ialsd the kietoru v^ilh MaMgl and obtained an Ljnexpa>clad prcMluct 
1072, 1B95.). 



AccQLinl for lha farmBlion dT this product. 

The «-di!wci Ketone is susceptible to e Favor^lai-like stop B, because toe removiai of Ibe proton Irom toe phenoito 
ciKygen A is sasy, aeLlirg up an exlended artalale. Tha ofiafiirig of lha cycloprapanaru C is also eaay and highly 
(a> arvd (b) r^iosalacllv^. |a] TDa cydepfopariDha ^rbonyl is mora ela^^mphllic than tha other carbon^ 

group, b^ausa it is axosycllc to a slralrud ring, atvd rtol iCtonjugartod. (b) Allhough cycloprtoparHmaa in FavorsUi 
reactions usually open to toe less-suibsihuted side, the charge on toe more-subsliluted side it this case Is largely 
taken up on Ihe phenplie oxygen , arto simuHaneously toe anomatto ring is restored 

It Is possible, but uhllkaly, that lha Grlgnard attaclis tha^ kotoha tt&tos^ cydopropantMta lormation. bul the 
removal o1 the protoh Irom Ihe phenolic oxygen is likely to be tast. and con|ugallon belweeh Ihe phenolate arid 
toe Ketone carbonyl would make the carbonyl group less eleciroprillic. 


Problem 784 


Contributor: 

Citation: 

Keywords: 


Ian Fleming 

J. Org. Chem. 1973, 38, 3462 
Rearrangement 
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Primary emmes on inealment with nilroua acid give diazonium icns. TTiego readive inter mediates are only iaolated 
when the amine is aromatic. With aliphatic amirres. the diazonium ion is a readive intermediate vyhich usually 
undergoes aliminatiDfi or aubsliluUari reactkirB, sometimes preceded hy cationic rearrarygemenl. Thie was the roeult 
With the primary amina A whan tha raaction was. carried out in acidic SDlutlon; tha jnsaturated katana B was tha 
malor praduct (J.-H, Liu and P. Kovaeic, J. Of§. 19(73, 3B, 3452). 



O 



Me e 46^^ 


However, Liu and Kovacic tound that, when the amount of acid was limited to or»e molar equivalent, the major 
product was the saturated ketone C. 


O O O 



Accourrt for the formation d the fceterre C 


Problem 785 Co^tributer: 

Citation: 

Keywords: 


Ian Fleming 

Tetrahedron Lett. 1993 , 34, 505 
Rearrangement 


Marcuric ions ara sort aladrophites. which attack alkanas and evan cyclaprxiipar^as. as m ina raadlon termlrtg tha 
organomercury intermediate A: 



Normally tha mardiry is ramovad by raducticn with sodlLiin bcrohydrlda In a radical chain raactkm. in tha ease ol 
the mercury derivative A, however, Smglmura found that an unejtpeded change in cohfiguratioh in the 1,3-dloxari 
ring took place when this reaction was carried out on the mercury compound A, giving the product B (T. Suglmura, 
S Goto, K, Kcgurc, T. Futagawa, S. MisaKi, V, Mohmoto, N. YasuwaKa and A. Tai, lefraftedrcw Left., 34, 
505). 



^ Me 0 Me 


Explain this result. 


Problem 786 Co^tributer: 

Citation: 

Keywords: 


Robert M. Williams 

Organic Lett. 2000 , 2, 1661 
Rearrangement 


Hoifnnan, etal.. reported the interesting ring expansion reaction of azabicyclo[2.2.2Jootane3 as shown below. Please provide a 
mechanistic rationalization for this transformation. Note that complete stereospecificily is observed from the two diastereomers 
quincorine and quincoridine; your mechanism should account lor the observed stereospecificity. 

[Roper, S.; Frackenpohl, J.: Schrake. O.; Wartchow. R.: Hoffmann. M.R., Org. Lett. 2000. 2, 16S1: Roper, S.: Warichow, R., 
Hoffmann, M.R.. Org. Lett. 2002, 4. 3179) 



I.MsCI, EljN.CHaCt 


2 . yi, dithi, A 

3. Agoez. MeOH. eo 




1. NbCI, EtjN, CHjClj 

2. Ul. dtox.. A 

3. AgOBz. MeOH. 60 'Y; 



Problem 787 Conthbuter: 

Citation: 

Keywords: 


Ian Fleming 

J. Am. Chem. Soc. 1981 , 103, 7687 
Rearrangement 


The sulloidde A gives the laictorie B when treated with irtchloroacetyl chloride and zinc (J. P. Marino and M. 
Neeser. J. Am. Ct\em. Soc.. iwi. J03. 7S971 



Explain this result. 


CClaCOCI, Zn 


El^O. rellux. 30 min 


SPh 



B 


7294 
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Problem 788 Contnbuter: 

Citation: 

Keywords: 


Ian Fleming 

J. Org. Chem. 1970, 35, 570 
Rearrangement 


In the base-cffltalyred ieomerization ol the a-hydroxy^etone A to the enol B ol an ■n-dikefone, Ireland found lhal the 
-stQneDchemiBtry b 1 the mBlhyl-bBaring carbon had unexpacledly changed {R. E. Ireland, P. 5^ (^rand, R. E. 
DltHersMi. J. Bordner and □. R. Rydjaiki, J. Org. Cfism., 1970. 35, 570). 


tM M6 



Ireland aeparalely prepared the ketone C, which he had expected, and found that Ihia was alable 1o the readion 
conditions. Gearing n mind that C was nol an inlermediate. explain both how and why this isomeriEallon occurred. 


Problem 790 Co^tributer: 

Citation: 

Keywords: 


Ian Fleming 

Chem. Commun. 1995, 1197 
Rearrangement 


The sulloxide A isontorlzo^ to the mixed acelal B m tieatment wllh add (H. Aha, J. llani, C. Maisunai'l. S. Kashina 
and T. Harayama, Chefn. Commun., 1W5,1197). 



Explain this result. 


TsOH 


xylene leflux, 1 h 



StKi 

B 


Problem 792 Co^tributer: 

Citation: 

Keywords: 


Robert M. Williams 

Tetrahedron Lett. 1980, 21, 4547 
Rearrangement 


Kahn reported Ihe interesting pleunomutilin model study shown below (Tefrahedtion i.e#, 1990. ^ J', 4547). Propose a 
ma<tianisni Tpr Ihe Irensform alien of 1 n|a "A" and Ihe mqchenisrn Far Ihe conversian qf A inrtq 2 and pro Vida the 
strudure lor A. 



1 


PhS h4gBr 

. it_ 

THE, -7S^C (CgHtpO) 2, KH.. THF A 

2 . HBF 4 ir1776cm'^ 



Problem 793 Co^tributer: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1960, 82, 483-486 
Rearrangement 


The rearrangement ol 1 to 2 was discovered by fiupe and Llechtenhan \6ef. iww, 41,127B). At that lime, the 
trsnsfomielion atiracted attention as s consequence of Ihe apparieoMong-range migrgiion of a melhyi group. 
Wleinwald and oo-WMkars fJtACS 1960.82, 4B3) ultimalely provided ■strong experimental evidence Tor the mschanism 
ol iTils rearrangemenl. 


IVt OOiH 


HbSO, 


° Me Me 


COgH 


i-i-dnenlc acid (I) garonic add (3) 

Pnovido a mechaniam fcrlhis IransformaJtion and suggest e^fperimanlB lhal might be carried out to support your proposal. 


Problem 794 Co^tributer: 

Citation: 

Keywords: 


Robert M. Williams 

J. Am. Chem. Soc. 1966, 88, 2078-2079 
Rearrangement 


Doering end Rosenmal rspoKed Ihs inferestingi oonvsrsion ol Nenllzasou's hydrocartian (l) lo dihydro^nephthelene (2). 
Provide a mechanisllc rationalizallon for this tranfflformallon. (Reference: Doenng, W.v.E.; Rosenthal, J.W., J.Am.Chem. 
Soc, 1969. 35, 207&-2C79) 



1 


309 "G 



2 
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Problem 795 Contnbuter: 

Citation: 

Keywords: 


Robert M. Williams 

Tetrahedron Lett. 1967, 941-945 
Rearrangement 


Trealmenl of S-amino-penicilianic acid (1) with sodium nilrite in aqueouis melhenolic HCI, leads to the interesting 
heterocycle, 2,3-dihydriQ-1,4-1hsizin-3-Qne (3}. Provide a mechenistic rslionalization. 

(Reterenoe. Sloodlay, R.JTer^d/wdjian ieit 1967. 941-945) 

MaNOi T iTMe 

MeOH. NCI H 

4jtsww: ^ ^ 


^ bOtH 


Problem 796 Conthbuter: 

Citation: 

Keywords: 


Dan O'Malley 

J. Am. Chem. Soc. 1994, 116, 7616 
Rearrangement 


In ttieir studies on tungsten carbonyl chemistry, Wulff and oo-workers discovered a way to construct all four rings of the 
steroid skeleton in a single cascade {JACS, 1991, 113, 9873, JACS, 1994. ttS, 7616). The final step of the reaction is the 
tungsten mediated reduction of intermediate A. ^ 



formation of intermediate A Intermediate A 


Problem 812 


Contributor: 

Citation: 

Keywords: 


Achanta Srinavas 

J. Am. Chem. Soc. 2002, 124, 3939 
Rearrangement 


As a pivotal step in the syrihesis of the treshfwater cyarolsaclerlal hepatoscln cyllndrospermopsln, WeInreP and co- 
woikera cflrried out the following Iranslormation (JACS. SO04, J24, 3&39). 



Provide a mechanism tor the overall transformallon ard identify Intemiedliiite A. 


Problem 813 Co^tributer: 

Citation: 

Keywords: 


Regan Thomson 

Angew. Chem. 2005, 44, 2259 
Rearrangement 


The key step in Sh air's total a^thesis of CP-263-i 14 involved a one-pot synthesis of Ihe bridged bicydic system 
using a caseade saquenca initjaled by a Crignard addltkin 1o a pt-kelD ester. During Ibe course of these studies it 
was found Ibal it the raactkin of enanliopure jt-kefco ester A was allowed to proceed a1 room temperelure lor 12 h 
then the product B was obtained as a single dlastereomer but as a raceme mi)iture. 


room tempefalure 
12 h 

enarrtiopure racemic 

Using cteai thra^-dlmenstonal drawings p^ovidd an overall meettanism tar ma iranslormatiDn sbawn abova that 
aecounte for both tee ob^rved diasteroselectlvlty as well as the formatlQn of the product as a racemate. 



OQ^Me 



Problem 815 Co^tributer: 

Citation: 

Keywords: 


Jillian Spangler 

Organic Lett. 2005, 7, 4589 
Rearrangement 
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As part of a strategy directed towards the syn1t»esis of letfadeoamycin 0)- Warrington 
and Ban-iaull carried hjI ilia' Ihermally mduced rearrangamart of £ to ^nlhkaaiza ttia 
irans-decalin system A (Orj. LbH. 200S, 7, dSBS)- Using clear ttiree-dimansioral 
drawlrig& pl&ase provide a plauslbla mechanism rer this trai'isrermallon ihH in 
acccrdanoe with the observed stdreocfiemlcel outcdme. 



OH Ma 



talradecamycin 


Problem 816 Conthbuter: 

Citation: 

Keywords: 


Regan Thomson 

Organic Lett. 2005, 7, 1629 
Rearrangement 


As part ol a program direoted toward the synthesis otthe plnnatoxins, Peic and Zakarlan reported the single^pot 
conversion of siiHone A into oyoioho)!ene B (OL, MOT. 7, 1629) Using clear three-dimensional representations 

pleasa pnovida a ccnciae mschaniam Far Ihia transformalion and pnadtcl lha relaliva sterarKtiarnical cutcame. 



Problem 822 Co^tributer: 

Citation: 

Keywords: 


Christos Mitsos 

J. Chem. Soc. Perkin Trans 1 2003, 68, 9827-9830 
Rearrangement 


Schobert and co-wtsrkers recently reported ari interesting series cf events v*ien reacting prenyl ester A under the given 
conditions (R. Schnbart etst. TetrahBdfon Lett. 2W1. 42, 4561-1564; R. Schcbart ataf, J. Org. Chsfn. 2003. 6S, 9B27- 
9830). 



1 Plt3P=C=C=0 
THF. rafluic, 60% 

2 PhMe, ieO''C,65% 
3. Air. 8D% 



B 


Please delineate a rational mechanism to convert A into B. 


Problem 828 conthbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Org. Chem. 1989, 54, 481-484 
Rearrangement 


Fang and co-workers reported the foiloiwng series of transformations (J. Ovg. Chem. 1OTS. 54, 461-484) 




1. KCN.HsO 
rt, 2h 



The pndleated Ihree-slep procesns leads to Ihe produelloti elenamlne 1. Propose a meofianism for the overall 
fransformaiion that mdudeB ihe alrocture af Intermediate A. 


Problem 829 Co^tributer: 

Citation: 

Keywords: 


Regan Thomson 

J. Am. Chem. Soc. 2003, 125, 4990 
Rearrangement 


The prenyl group is an essential unit in the hiosyrithesis ol terpene natural products. Due to the large number of natural 
products that oontain this moiely, methods for ils selective introduction into molecules are highly useful Loh and 
Cheng hava daacibad a ganaral regioaataclive and highly anantiosalectiva pranylalion of aldehydes, as shown balow 
(JtACS 2003. J25,49fi0). 


0 



Rz Aryl.aikyl 


□H OH 


OH 



Me 

75% yieid. e7'S9% « 



Ploaso provide s. gansral mechanism For Ih^ inleresllng r^aotion and using deer Ihrae-dlinensieneJ drawings predlol 
Ihe ahsolule slereochemtcal outcome. 
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Problem 831 Conthbuter: 

Citation: 

Keywords: 


Mohammad Movassaghi 

J. Org. Chem. 1997, 62, 7950-790 
Rearrangement 


Kuehne reported an efficient synthesis of the A BCD ring system of strychnos alkaloids via the conversion of the amino diaster 1 to the 
tetracyeie £ (JOiCl997, 62, 7950-7960). Provide a mechanism for this transformation. 


ANSWER; 



Problem 832 conthbuter: 

Citation: 

Keywords: 


Mohammad Movassaghi 

J. Am. Chem. Soc. 1993, 115, 1676-1683 
Rearrangement 


Thefoilowing translormation served as a key step in Paquette's synthesis of (4)-ceroplastol t {JACS 19&S, ^15, 
1676-1663). Identify the internnediate I and cleariy explain the formation of ketone £ from lactone 1. 



O " 1 


CpaTi^^^AIMeg 


THF, toluene 


ANSWER: 


200 "C 

xylenes 

61% 

(2-steps) 


Me 


Problem 833 Co^tributer: 

Citation: 

Keywords: 


Mohammad Movassaghi 

J. Am. Chem. Soc. 1993, 115, 9293-9294 
Rearrangement 


The following translormation served as a highly effective step in Overman's elegant total synthesis of (H-strychnine 
(JACS 1993. 115; 9293-9294). Provide a mechanism for the conversion of amino alcohol 1 to the ketone 2. 



Problem 834 conthbuter: 

Citation: 

Keywords: 


Mohammad Movassaghi 

Can J. Chem 2000, 78, 757-771 
Rearrangement 


During studies directed toward the total synthesis of spinosyn A, Roush reported the synthesisof thedecahydro-as- 
indacene ring system present in tricycle 2 {Can. J. Chem. 2000, 73. 757-771). Provide a reasonable mechanism for 
the conversion of lactoris i to (he carboxylic acid 2. 


ANSWER: 



KN(SiMe3)2, 
TBSOTf 
THF, HMPA 


-78^65 "G: 
HCI 

36% 


H 5 - XO3H 




H H 

C ±)-2 


Problem 835 


Conthbuter: 

Citation: 

Keywords: 


Mohammad Movassaghi 

J. Am. Chem. Soc. 110, 110, 3298-3300 
Rearrangement 
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During studies related to the synthesis of ingenol. Funk reported the conversion of lactone 1 to the silyl ester 2 
{JACS 1986. 110. 3208-^300). Provide a mechanism for this transformation and clearly account for (tie observed 
stereochemistry in the product Z. 




ANSWER^ 


Problem 837 Co^tributer: 

Citation: 

Keywords: 


Keith Fandrick 

J. Am. Chem. Soc. 2006, ASAP, 
Rearrangement 


Tatwr recenlly reported Itie synttiesis el 9ul?stituted indcfes utilizing ttie Heljer reaction. The reaction shewn below is 
B reprsaenlaliva esampte erf the reantiofi aequanoa. [JACS, 2006. 12S, 1058)- 



Me 

2) MsO. then base Ph 
Ph 
A 



Ms 


Part A. In the space presided show q reesonable mecfianism lot the conversion or the kelono inlo tho Inlormodiale 
azirine A 

Part B. In ibo speoo provided show e roesoneble moch^nisiii lor tho oonversioiii or the intennedlelo Azliino to me 
cofresponding indote product 


Problem 839 Conthbuter: 

Citation: 

Keywords: 


Keith Fandrick 

Tetrahedron Lett. 1993, 439 
Rearrangement 


The mechanism tor the subsliluticn of ^-substituted indoles et the C-2 position has been delwrted for sometime. During 
Haaftticock^ synthesis nf Lysergic acid ttie follawing □bartarvalion was mada. The starling matarial wfas derived from 
tryptophan and is optically pure. Buttbe product of the cyclization was found to he optically inaefrre (racemic). (Tef Le#. 
1933 439-440) 



Pure 


In die space provided provide a mechanism that is consistenit with the above cberservadorrs. 


Problem 846 conthbuter: Pavel Nagorny 

Citation: 

Keywords: Rearrangement 

For the process indicated below please use either the Ctewar Zimmerman or FMO analyeis to predict whether isotope 
scrambling is allowed undar lharmal conditions. 


You r Answer: 

Part B. Using FMO analysis, please predict whether the following cycloaddition is allowed under photochemical 
ccindiliona. 



Problem 851 Co^tributer: 

Citation: 

Keywords: 


Regan Thomson 

J. Am. Chem. Soc. 1948, 70, 4216 
Rearrangement 
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Woodward and coworkers reported ttte lotlovnng base-promoted conversion of a-santonin into polaeaium santanoale 
B3 Fmrl ot a doBBio noturBi product Blructural dsterminalion {JACS 1'§43. 70, 4216). In Ihe Bpace belcw plecBe 
provide a oonciee mechanism Tor Ihis inlrl^uing rearrangement. 

Hint: Wofk on Ifte analysis of this transfofmalion bf-directiwiaify. 


Ywir Anawen 




Problem 853 


Contributer: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett. 2006, 8, 95 
Rearrangement 


The TollowinQ cascade readlon lo eonverl a linear precursor inlo a complex uicyclie slracuire was very reoenrtly reported 
[Ofg. L&tt. 2006. s. 95). In tne space below please provide a delailed mechanism lor this reaction. Be sure tc aooouni 
tor the observed sterochemlcal ouDcome and lo deafly label any penrcycllc pfocesses. 



Problem 854 Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett. 2005, 7, 5785 
Rearrangement 


Snapper and oo-workers have recently identified a mW.. Lewis acid-mediated fragmenlation of cyctobutane-conlaining 
adducts as a rapid Entry into bicycla[5.3.01dacarB ring systems (Gip. Leti. MOS, 7, 5765). They also noted Ihsl ttie 
sleraochemicaJ ouloome ol tbe acid-mediated iregmenlaliorifs in sucb systems is complementary to me observed 
llnermaJ ring expai'islons. 


Parti. Please provide a plauaibie me^^ianiem for the foliowing Lewis acid-medialed transfomigiiori. 



Part 2; Propose a mechaniani that rationalizea Ihe oomplemenlry slereochemical oulcome of ihe following thermal 
rearrangemenl. 



Problem 855 co^ibuter: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1990, 112, 3093 
Rearrangement 


As pjarl of a study d^eoted towards the synthesis ol the natural producl Hyellazole, Danheiser and ooworkers 
developed e clever route to the aynlhesis of complex fused polycyclic elructurae (JACKS'IbM. il 12, 3C93). Pleeee 
provide a mechanism for the following rearrangemenl Be sure to label all relevant perlcyclie rarrangemenis. 



Problem 856 Contnbuter: 

Citation: 

Keywords: 


Meredth McGowen 

Organic Lett. 2005, 7, 5921 
Rearrangement 
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Barriault recently ptjblished tbe following Lewis-acid medialed reaction cascade as a strategy lo rapidly assemble highly 
functionalized bicj^loalNanorres CCVjr, Lett. 2&05, 7, S321>. Using clear SD representatioris. please provide a medianism 
that includes a ralionalizatiDT for Ihe relBlive slereoctnemietry observed in the product. 



Problem 857 


Contributer: 

Citation: 

Keywords: 


David A. Evans 

Angew. Chem. 2006, 45, 249-252 
Rearrangement 


Tf*e following pholocbemical reaction was used by ttie Baran group 
to cnnslnjct Ihe ccua ol Itie ratjral producl soeplrin ZfVOG, 4 ^, 

24S^252). 




In the space below please provide a reasonable mechanism for Ihe powerlul, multtsfep Iranslormartlon. 


Problem 861 co^ibuter: 

Citation: 

Keywords: 


David Lin 

Organic Lett. 2006, 8, 601-604 
Rearrangement 


^lle developing a route lo the synittieas of Erylhrina alkaloids. Padwa and colleagues encountered the following 
transformations (Org Lett WW. 5. 601-604). 



Problem 862 co^ibuter: 

Citation: 

Keywords: 


Ryan Shenvi 

J. Org. Chem. 2006, 71, 2417-2423 
Rearrangement 


Albeftc Bfandi end oo-workers recently reponed the rearrangemeni ol isoKazolidines 1c enantiopure indclizinones byway 
of the chemislry cl halnmalhylcyclDpropanea {J. Qrg. Ch&m., 2006. 7J, 24t7-2423J. 


o 

t. HsOeG 

■>M> 

CH^ip, rt, 5-6 d 

63% 

E-O 

DMF, EtjN, 80 96 h 

60% 


Please delineate a mechanism to airive al the (Inal product. 



Problem 866 co^ibuter: 

Citation: 

Keywords: 


Karl Scheidt 

J. Am. Chem. Soc. 2005, 127, 17921 
Rearrangement 


In the total synthesis of Amphidinolide P (J. Am. Ch&m. Soc. 2005, 127, 17921-17937), Trost and ooworkers 
employed the Bastmann recent (A) to synihesiza the shown alkyne. Provide a mechanism for this step. 


0 


TBSO 




A 


NaOMe 



Your An&war 


M. * 
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Problem 869 Contnbuter: 

Citation: 

Keywords: 


Karl Scheldt 

Angew. Chem. 2005, 44, 3485-3488 
Rearrangement 


Floreandg and co-workers, in their synthesis ol the antin^ancer natural pioduct (■i-)Hdactviolide. carried out the 
following step Chem. i/if. Ed. 200S, 44. 3485-3488}. Please provide a mechanism which 

rationalizes the observed stereochemistry. 



Problem 870 Co^tributer: 

Citation: 

Keywords: 


Karl Scheldt 

Organic Lett. 2004, 6, 1481-1484 
Rearrangement 


Booker-MiIburn and coworkers have disclosed the following route to oxetanesfrom alkoxy-substituted 
maleimides {Org. Lett. 2004, 6, 1481-1484). Please provide a mechanistic pathway leading to the major 
product. HINT 1: Consider the amide bortd resonance structures of the starting material. HINT 2: Your 
mechanism should include a Norrish type II cleavage. 



t]v. Pyrex. MeCW 



74% yield 

single dia^leraom^r 


Your Answer 


Problem 872 Conthbuter: 

Citation: 

Keywords: 


Jeremy Richter 

J. Org. Chem. 1993, 58, 5699-5701 
Rearrangement 


In examining the chemistry of the of chlombicydooctanone shown below, the authors discovered several unique 
rearrangements (J, Org. Chem. 1&i3, 58, 5699 - 5701), 



Please propose mechanisms for the formation of all five products. 


Problem 874 Co^tributer: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett. 2006, 88, 2957-2960 
Rearrangement 


Trealment of sarcnphytmide with TMSOTf alfordad itie- 
illustrated ar&malic ketone es an unusual cyclizalien product 
Oftr. Lett 2006. 0. 2957-206D. 

Provide a mediBniBm fnr thiB irensformBiion. 



saroephytioKicie Qsm 


Problem 875 Co^tributer: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett. 2006, 88, 3195-3198 
Rearrangement 
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Burnell and Thornton have recently disclosed the following base iiKJuced transformation (Org. Lea. 5006. 
S, 31 &5-3ri 93). The structures of both products were secured by X-ray analysis. 



major producl 83% minor pnoducl, 6% 

Please provide a rational mechanism leading to the major and minor products. 


Problem 877 co^ibuten 

Citation: 

Keywords: 


Karl Scheldt 

J. Am. Chem. Soc. 2006, 128, ASAP 
Rearrangement 


Gin and co-workers 20G6. 128, ASAP) recently reported the following set of transfonnations during the total 

synthesis of the anti-Leukemia alkaloid (-)-deoxyharrington. Provide the mechanisms for the following series of reactions, 


,OH 

^ 1 

1. LiAJHj, HN(CHMe2)^ 
THF,60"C. 85% 

<"1 

or* 

U “■ 

2.3-cliloro-2-cyclopentenone. 
Et^N, THF, 60"C,64% 

0-^ 



3. CsaCOg, 1,4-dioxane. 
100^C, 67% 


Problem 878 Conthbuter: 

Citation: 

Keywords: 


Jun Shi 

Synthesis 2006, 2058-2096 
Rearrangement 


While developing a -synlhelic route lo 4-Rui3fopyridir»e5. Ulrich Wittmann and Golleagiies encoumtered Ihe followkig 
tTBraramiBlion (Siviifrasrs 50OG, SOSS-S&SSJ- 


I 

H 0 


FhjP. ecu, _ 

MbCN. r1, ISh 


decglin 


, 160'C.2flh 


N Ro 


Ri=H, Fj^Ph, Fj=Ph 


Please provide a reasonable meebarism lor Ibis set of tranaformatioris ar»d Identify K, 


Problem 895 conthbuter: 

Citation: 

Keywords: 


Moritz Biskup 

J. Org. Chem. 1986, 5J, 212-217 
Rearrangement 


In studies direded toward the synitheaes otterpenes, G. Magnuaaon et af investigated the prepuralion 
unsBiurBled cyclopefilenals Tnom aiK-mBinhenetl precuraora [J.Org.Chsni. tS®6. ^1, 212-2173- The raaclion waa 
studied in d^tal and iTia po^lulal^ mechanism ranornalizas tba obs«rv^ produdl rormatlon. 


i. LiAIH^ 

ii. m-CPBtA 


Met 

^Mb - 

” OH^O 

Me 

lit. UBr. 
TMU. 
toluene, A 


i HjOs H kO 



Mv M« 

OhC ChC 


- 30% : 70% 


Please provide a plausible mechantsm tor the formation ol the indicaled products. 


Problem 897 CoRtributer: 

Citation: 

Keywords: 


David A. Evans 

Chem. Commun. 1971, 533 
Rearrangement 


The followirrg bremoadamantane reactiori wilh propargyl atoohol has beeri reported (Chem Commun, 1971.. 533>, 

H 2 S 04 


HC = C-CHePH 




Provide a mechanism for Ihe reacllon Illustrated in the space below. 
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Problem 904 Contnbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Org. Chem. 2006, 71,816 
Rearrangement 


The quinolinoris BynthesiE depicted below was rEcenHy neportEd by Alajarln and DDvmrkGra (J Ofg Cham 7f, 

5l26-ai39). Please previde a meehanism tor Ihis irans-fbrmalioni. 



Problem 905 Co^tributer: 

Citation: 

Keywords: 


Pavel Nagorny 
SynLett 2006, 14, 2191 
Rearrangement 


In a recent repon on studresdirected toward the synihesis ol trie ctadiellins (Clark er ai. 
SyntettSWS, ?4. STSl) the depicted trarslofmalions were used to construct Ihe 
macroeycl& or litophynln E. 

Explain the formaiiDFi of B from A and C frcm B by drawing a mechaniEm Tor (hese 
transformatioTis. 


Cu{h1acac.>2 * ^ 
40 




Problem 907 Co^tributer: 

Citation: 

Keywords: 


Hyun-Ji Song 

Organic Lett. 2004, 6, 1869-1871 
Rearrangement 


In 2004, Feldman and cowrker publisiied a construction of S.O-spirosrJbstitLrted oxindoles, {Org Lett 2004. 1689- 

1071 ). Pravids Ihe reeclion mechanism and use it to predict the prcduct relstiue stereachemiEby. Explsin ttie origins of 
diaEtBreoEBlBcbvity using cJeai 3D dravvings. 




Problem 909 Contnbuter: 

Citation: 

Keywords: 


Christian Markert 

Angew. Chem. 2004, 43, 1702 
Rearrangement 


Tu bT sT. repcrted die following usetul oonstrucion lhal could be used for a diasterecsolectivE generatiar cf the 
(llustraled bicyclic structures with quarternaiy stereccenters. 20^4, 45.1702). 

1.2 Bquiv. 


dichlorcethane, 

ii,e-i3ri 




Please predict stereochemistry o1 the pnoduci arid provide a mechanem that would support your predicllons. 


Problem 913 Conthbuter: 

Citation: 

Keywords: 


Mathieu Lalonde 

J. Am. Chem. Soc. 2006, ASAP, 
Rearrangement 
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The trsnsfomiBlion depicted belcw wae recently reparted by Rcuis and cnworterE (Epelein, O. L.; RoviE, T. J. Am 
CrtiiTt. Sof. ASAP). Provide a mechianlsm fof this ttatisformallon Ihat acetwrrts fee the observed 
diaBtereoselectivity. 






TMS 


1) TWISOTI (1.0 equiv), =C, 30 min; 
TtOH (2.0 equiv). ^ o 'C. 40 min 


MeCM 

2] MaHCOj^gq;, quonofi 



98^ yield ^ 

97 :3 dr CMea 


Problem 915 Co^tributer: 

Citation: 

Keywords: 


Karl Scheldt 

J. Org. Chem. 2006, 71, 1581-1587 
Rearrangement 


Overman has been a major conlribulor in the field pf carbocalion chemistry. In 3006, he observed tbatthe 1ollewir>g reaction 
proceaded with complete retention ot absolute conligurelion (J. Og. Chem. £004. 7i, 1581-1597). Pteaee provida a 
msctiarilsm Tor this translormatlon which includes 3-dimenslonal slructurcs and a rallonala rot the steraochamicaJ outocme. 
Be sure to label all pericycilc processes. 



Problem 918 Co^tributer: 

Citation: 

Keywords: 


Karl Scheldt 

Organic Lett. 2006, 81, 5645-5648 
Rearrangement 


Alajarln and co-workers {Org. Lett. 2«». fl, 5645-5648) discovered when tbe followIrrB ketonlmine is heated in loluene, a 
cyclizalion OMurs, Please provide a detailed mechanism for Ihis Irarrsformelion Be aure to label all pericycHo prooesseo. 



Problem 922 Contnbuter: 

Citation: 

Keywords: 


Karl Scheldt 

Rearrangement 



Camphor is prone to raarrartgement when exposed to acid. Camphorsuironic acid 
(C£a>. which Is a common r^agont in organic synthosis, is tormad whan camphor 
Is treated sulluric acid and suHur ino^tlde. Please provide a mechanism usingi 3- 
dimensional sfruelures. 



SO.jH 


Problem 923 co^ibuten 

Citation: 

Keywords: 


Karl Scheldt 

J. Org. Chem. 2007, 72, 1379 
Rearrangement 


Takeda and coworkers recently reported the following fornnal [3+4] addition for the synthesis of 7-niembered ketones (J. 
Org. Chem. 2(>07. 72, 1379). Please provide a mechansim for the generation of the product. 



Problem 926 Co^tributer: 

Citation: 

Keywords: 


Karl Scheldt 

J. Am. Chem. Soc. 2007, 129, 3794 
Rearrangement 
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Generally, transition metal catalysis is used for the addition of an N-H group across a pi system 
[hydroamination). However. Borhan from Michigan Slate very recentiy reported a method to perform this 
reaction with rw metal using a Brensted base (JWCS, 2007. t29. 3794-3795). Please provide a 
mechanism for this reaction. 



Problem 931 Co^tributer: 

Citation: 

Keywords: 


Karl Scheldt 

J. Am. Chem. Soc. 1996 , 118, 4492 
Rearrangement 


The Myers group published the folio wing stereospecific synthesis of allenes from propargylio alcohols [J. 
Am. Chem. Soc. 1906. 113. 4492). Please provide a mechanisin for this transformation that accounts for 
the stereochemistry ol the product. 


OH 




PhjP 






•rYi 


Olher praductt fonm ed 

PhjPO, ArSOsH. 
pO,Et 
HN-UH 
ElO^d 


Problem 932 Conthbuter: 

Citation: 

Keywords: 


Thomas Maimone 

Rearrangement 


During ttieir studiBS. directed toward Ihe total aynttiesia ol WBtwitindDlinone A, Ihs Wood group obaar^d Hie Icrmalion 
cil an unusygl aromalic hetercwiycte (CigHjiMO) after removing the eiyl proiKding group of 1 (Sarah Raiomap ftiesis, 
yaJieUlfwv. 2006 ^. 



Propose a slructure for Ihe unknown heterocycle as well as a mechanism for ils fonmallon. 


Problem 933 Co^tributer: 

Citation: 

Keywords: 


Karl Scheldt 

J. Am. Chem. Soc. 2007 , 129, 2112-2119 
Rearrangement 


Louis Barriault is well known lor orchestrating cascade reactions Here is an example from a recent paper 
{J. Am. Chem. See 2007. 129, 2112-2119}. Please provide a mechanism with 3-dinnensional structures. 



Problem 936 


Conthbuter: 

Citation: 

Keywords: 


Karl Scheldt 

Organic Lett. 2007 , 9, 873-874 
Rearrangement 


Snider and co-workers recently completed a formal synthesis of (t)-polygalolides A and B {Otg. Lett. 2007, 
9. 873-374). The main bond forming reaction forms X, which upon treatment with aqueous base, afffords 
the core structure of the polygalolides. Please provide the structure of X and a mechanism for its formation. 



{±^-polVSAloli»d« A and Q 


Problem 939 


Conthbuter: 

Citation: 

Keywords: 


Paul Krawczuk 

J. Chem. Soc. Perkin Trans 1 1993 , 585-587 
Rearrangement 
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Whil& woffking on ojia-analotiges of the plant grcwtri-promoling agent helminihosporal, Baibosa ar>d oowoiKers 
erKwuntered an uwxpecled rearai>gemenl when tt>ey treale<J the bicydic alkene below with chlonosulfonyi eocyanate 
(CStHJ. CTwfTT. Soc. Pertm Trafis. 1 1&93S06-5&7) 


o 


;iii 


CI-^-N=C=0 

O 



□CM, FTT 
ectays 



3 equrv. 


lO^NaOH 

workup 


S-hydroxyphellandral 
major product 
(20%) 


Answers 
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Challenging Problems in 
Chemistiy and Chemical Biology 


1 ^ 


PROBLEIfl AfIfiWERS 


Problem Answers 


Problem 1 


Contributer: David A. Evans 

Citation: Eur, J. Chem. 2002, 791-801 


The foil awing "ane-pat' synthesis of semibulvalene was iiecently reported by J. Sauer (Eifl-, /, Chem. 2002, 791-801). 


1^1 f 

N 



Provide a plausible mechanism for this ti’ansfoimation in the space below: 



Problem 10 


Contributer: David A. Evans 

Citation: Organic Lett. 2000,2, 1903 
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Take da and cch workers have reeentiy re pa lied Ihe mechanistically interesting hng extension reaction illustmted below 
{Oig.Lett. 2000,2, 1903). 




Provide a plausible mechanism for Ihis ti’ansfonnation in Ihe space below. 
Ignore the stereochermcd asped of this tionsformdion 



LiN(i-Pr)2 



SlIVle^R 



CTSoff also gven tordlro<d 
conjugate addition 


Brooke 

Reairangement 



(upon isloation) 


o 



Problem 13 


Contributer: David A. Evans 

Citation: J. Am. Chem. Soc. 2002 , 124, 12426 
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The foil awing ti’ansfonnaiian was necentiy ne parted by Staltz (/. Chetn. Soc 2002, 124^ 12426). In additian to the 

illusti’ated product styrene and dinitrogen are produced as by-products in this ti’ansfonnation. 



>20:1, 80% yield 

Provide a plausible mechanism for this ti’ansfonnatian in the space below and identify inteim ediate 1. Your mechanism 
should provide a rationalization for the product stereochemical relationship. 


Step I: Carbene C^neration 

W—^ 


C^N- 


Ph- 


130^0 




Intermediate 

1 


OR 


Ph- 


OR 


Ph- 


N© 


■OR 


Ph-^0 


OR 



Rh-diazo insertion and 0-H insertion steps are represented 
as stepfAiise for the purpose of illustratjon only. 


+ cat Rh 2 (OAc )4 


Rh0 




Ph-^ 
^ r 


N© 


Rh© 


OR 


-cat Rh 2 (OAc )4 


Ph 



9ee Taber, SI 2908 

for other examples f (Z)-seleclive apha 

insertion 

(Z) Olefin selection may be rationalised by assuming that the Rh steric 
effects are d om I nant: ^ 

destabilizing 


Ph 



OR 




Problem 17 


Contributer: David A. Evans 

Citation: J. Org. Chem. 2001, 3, 569-572 
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The reaction illustrated below was recently reported by Snider and co-workers (O^g. Lett 2001, 123,569-572). 
Provide a mechanism for Ihis transformation in the space below. Where stereochemical issues are present 
provide clear three dimensional drawings to support your answer. 



P|-qU| 0 IY| 1Q Contributer: David A. Evans 

Citation: Organic Lett. 2001, 3, 1181-1183 

The following transfoimation was recently reported by Rodriguez (0?g. Lett. 2001, 3, 1181-1183). 



Part A What is the structure and function of AIBN in this reaction? 



AIBN functions as a radical initiator 


PartE Provide a mechanism for the illustrated rearrangement(s) of A to E. Where stereochemical issues are present, 
provide clear three dimensional drawings to support your answer. 



Problem 19 


Contributer: David A. Evans 

Citation: Organic Lett. 2001,3, 1925-1927 
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The following ti^sfonnation was recently reported by Baniault and Deon in conjunction with their synthesis of 
arteanniun M {Oi'g. Lett. 2001^ 3, 1925-1927). Provide a mechanism for the illustmted theimal rean’angement(s) of A to E. 
Wheie steieo chemical issues are atstak^ provide dear three dimensional dmwings to support your answer. 



produd 

diastefBomer 


Provide your answer in the space below: 




favored over Axial 


Problem 20 


Contributer: David A. Evans 

Citation: Organic Lett. 2001, 3, 115-117 


T. V. Ovaska and co-wniken have recently reported the complex reai'rangementillusti’ated below as an entiy into the 
phorbol skeleton (0?g. Lett 2001, 3, 115-117). Provide a mechanism for the illush’ated ti^sfonnation. Where 
stereochemical features are an issue, provide dear three dimensional drawings to support your answer. 




reversable anionic cyclization 
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Problem 22 


Contributer: David A. Evans 

Citation; Chem. Commun. 1983, 384 


An interesting example of the Ritter Reaction was repoited some time ago by R. V. Stevens {Chem. Comm. 384 1983). The 
relevant process illusti’ated below afforded an efficient two-step synthesis of makomakine. In contemplating this 
tiansfonnation, view Hg(2+), to be functioning as a catalyst in the production of X. 

C^tHg(N 03)2 3MNaOH 

- ^ X - 

CH 2 Q 2 . -30 NaBH 4 

makomakine 

In the space below, provide a mechanism for the illustmted two-step tiansfoimation and identify the stnacture X. 






Problem 31 


Contributer: David A. Evans 

Citation: J. Am. Chem. Soc. 1999, 121, 9726 
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In the Panek lecture he desciibed the transfoimatiGn illustreted below. This ti^sfoimation is an exh’apolatiQn of the 
recent publication of MacMillan and cn-wnikere {JACS, 1999, 121, 9726). 




0.5 equi vTiQ 4 
i-Pr^NEt 
PhCH(0Me)2 


OMe 



Provide a detailed mechanism for ihe illustmted ti’ansfonnation. Use three-dimensional representations, where relevant 
to illustrete the stereochemical aspects of the individual steps. 



Alignment of aotylsilane necessary for /ra/75 olefin geometry 


Problem 33 


Contributer: David A. Evans 

Citation: Organic Lett. 2000,2, 191 
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Recently, Rizacassa nepaited the synthesis nf the spiraketal-containing natui’a! product neveramydn B. An important 
ti^sfonnationin this synthesis was the rearingementillush’ated below (eq 1) (Rizacassa Org. Lettef s. 2000,2, 191). 



Provide a mechanism for the ovei^l ti^sfoiinationin the space below. It is impoidant that you deduce the 
stereochemistiy of intensediate A. Use three-dimensional representations, where relevant toillush’ate ihe stereochemical 
aspects of the individual steps. 




B 



(anowefTG effect wtf/? 
Rg^eup equafona!) 


P|-qU| 0 |y| 3g Contributer: David A. Evans 

Citation: Tetrahedron Lett. 1998, 39, 2247-2248 


Consult the dted reference for an answer to this question 


P|-qU| 0 |y| 33 Contributer: David A. Evans 

Citation: Helv. Chem. Acta 1997, 80, 2148-2156 


Consult the dted reference for an answer to this question 


Problem 41 


Contributer: Robert M. Williams 

Citation: Tetrahedron Lett. 1995, 36, 3495-3498 
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Padwa reponed ttie interesling transitmatiori atiown belowr Provide a detailed mectianism and idenlity an/ 
organlG named reactioris in this sequence. (Padwa, A. Tef. Lett.. 1995. 36(20). 3495-3496] 




Problem 43 


Conthbuter: David A. Evans 

Citation: J. Org. Chem. 1996 , 61, 7976 


9 of 69 
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Moone (/, 0?£. C/ieFM.1996, 61, 7976) recently repnited the elegant 3-stEp ti’ansfomiatton that is illustrated by the specific 




1, major (57%) 

Part A. Draw out a plausible mechanism far the ti^sfoimation to the major product isomer 1. 


H OH 

2 , minor(11%) 



PartE. Draw out a plausible mechanism for the ti^sfoimation to the minor product isomer 2. 
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Sakui^ (C/ieiM, Cojfsnim. 1995, 2527) recently reported 
the silver ion induced rearingement of 1 to the bicyclic 
p-lactam 2 

Provide a plausible mechanism for Ihis transfonnation in 
the space below. 



Ro90 


AgBF4 


H H 



CHO 


2 O' 


CO^Me 



an aza-Prins-pinacol rearrangement could also be a plausible mechanism 


ProblGin 47 Contrlbuter: David A. Evans 

Citation: J. Am. Chem. Soc. 1995, 117, 10413 

Wood recently reported a veiy clever approach to the s 3 mthesis of the indolocaibazole family of natural products 
(JACS 1995, 117, 10413). His approach to the inddocarbazole core is the one-pot transformation outlined below. 




Provide a plausible mechanism for this multi-step transfonnation in the space below. 
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Oveiman and MacMillan (JACS 1995^ 117, 10391) recently reported the synthesis of the diterpene, 7-deacetox3^cyonin 
(1) illustrated below. The keynote reaction in this synthesis is ihe Lewis add catalyzed transformation illustrated below, 
a process that has previously been investigated in the Overman Group {JACS 1991, 113, 3534). 




Propose a detailed mechanism for this transfoimation. Be sure to deaiiy identify the stereochemical control elements 
that are operating in the creation of the new stereogenic centers. 



Problem 51 


Contributer: David A. Evans 

Citation: Tetrahedron 1996, 52, 3403 
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Aube {Tdrdiedrcfyi 1996, 3403) recently reported an efficient approach to the synthesis of polycyclic lactams. A typical 
ti^sfomiationis provided below (eq 2). 



Provide a plausible mechanism for this ti’ansfomiation in the space below. 



Problem 56 


Contributer: Grace Wang 

Citation: Chem. Commun. 1994, 2259 
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The recently isolated irregular sesquiterpene myltaylenol (1) stimulated Srikrishna and co-workers {Chem Commun. 1954, 

22S9) to study the biogeneticaliy modeled acid-promoted rearrangement of 2 which ieads to the desired terpenoid skeieton in 
good yield In the space below provide a detailed mechanism for the transformation of 2 to 3 




Part B. Pitovide an expedient synthesis of 2 from the allylic 
alcohol 4. 




Me 


Me 


Me 

4 


your syrttf}6sis 


><S ° 


Me 

2 





Hg£OAcb 

Clai&en 

Rearrangennent 



1 ) 


2) PCC, NaOAc 



Problem 57 


Contributer: David A. Evans 

Citation: Tetrahedron Lett. 1993 , 34, 579 


Consult the dted reference for an answer to this question 


Problem 60 Contnbuter: David A. Evans 

Citation: Tetrahedron Lett. 1987 , 28, 1267 


Consult the cited reference for an answer to this question 


Problem 72 


Contributer: David A. Evans 

Citation: Angew. Chem. 2002 , 41, 4316 
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Consult the dted reference for an answer to this question 


PrObl@rn 73 Contrlbuter: David A. Evans 

Citation: 


Consult the cited reference for an answer to this question 


Problem 78 


Contributer: David A. Evans 

Citation: Chem. Commun. 2003 , 276 


Consult the cited reference for an answer to this question 


Problem 79 


Contributor: David A. Evans 

Citation: J. Am. Chem. Soc. 1988 , 110, 6558 


Consult the cited reference for an answer to this question 


Problem 82 


Contributor: David A. Evans 

Citation: Chem. Commun. 1975 , 921 


Chiral methyl grou ps are commonly used to probe the stereochemical outcome of biological 
reaction mechanisms. Iwtany interesting strategies have been developed te synthesize chiral 
methyl grou ps in hi^ enantiomeric excess. The first approach. designed by Arigoni (Cftsn. 
CcvnfnunA 975, 921), is illustrated below. 


D D 




Provide a mechanism for the fd lowing transformat on that accounts fcr the (H.D.T) stereochemistry of the chiral 
methyl group. You do not need to account for tie stereochemistry at the sterred carbon pt was not determined by 
the investigators). 


ANSWER 




retro-ene 
suprafacial D 
migation 

% 

MeOsCD 



Problem 83 


Contributer: David A. Evans 

Citation: J. Org. Chem. 2001 , 66, 1228 


15 of 69 


6/30/2007 10:09 PM 








ANSWERS - CCB Challenging Problems 


http://evans.harvard.edu/cgi-bin/problems/search5_getAnswers.cgi?qn=3... 


The illustrated Kh oven agel-type condensaton recenly reported by Noham I et aJ. [J. Oy. tftsw. 2001, S€s, 1238) 
should prove to be a generally uselul transformation. 




OH 

E^N-SPh 


Problem 84 


Contributer: David A. Evans 

Citation: Tetrahedron Lett. , 31, 5471 


The illustrated tansfocmation was reported by Kurihara et al. [Tat Lett. 1990, Sf. 5471). 



NaNUM^i, 
THF. 25 “C 



Provide a mechanism for the indcated transformaf on tiat accounts for theoverall stereochemicaJ outome of tie 
reaction. Three dmensional drawings should be provided to su pportyour answer. 



Problem 85 


Contributer: David A. Evans 

Citation: Tetrahedron 1959 , 5, 53 
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http://evans.harvard.edu/cgi-bin/problems/search5_getAnswers.cgi?qn=3... 


In a classic thermal IransfcrmaliQn first disclosed by Doering and Gddstiein 1959, 5, S3), tie acyl azide 

below was heatd in the presence of butanol to aflbnd a 1:1 mi rtjne of diasteneomers. Later studies by lyfuller and 
coworhers determined that enantiomerically pne starting material provides enantiomerically pure lacfem product 


100 "C 


,c-BuOH 

toluene 






Please provide a mechanism of this tansformation while paying part cular attention to the stereochemistry of the 
process. 


Curtius 

rearrangemen 


4 


Nj 6 e'disrcbtcry 

electocyclic ring 
.H opening 

H' \ 


[33] witi HCO not 
possible due to 
ring constaints 


NCO 



I I 6 e“disrobtory 

I electocyclic ring 

^ closure 



l_l £-aza divinylc^lo pro pane 
rearrangement i.e. aza-Cope 
,H 


[33] now possible with 
correct overlap 



Problem 88 Contributer: 

rihahinn- 


David A. Evans 

J. Org. Chem. 1998 , 63, 8188 


Please provide a m ech an ism for tie following hi^ temperature reactcn tiat was reported by Yranzoand co-worhers 
[J. Off. OftST?. 1998, 01S8). 



Craw a plausi tie mechanism fer the tran sformat on to tie m^or product isomer. Do nofin voia anyrsdea/ 
Jfj iBfm aria tes jo yaor an j ufar. 



Problem 90 


Contributer: David A. Evans 

Citation: J. Org. Chem. 2001 , 66, 2350 
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http://evans.harvard.edu/cgi-bin/problems/search5_getAnswers.cgi?qn=3... 


The synthesis of the mgrgsmane sesquiterpene skeleton has loeen lo topic of several 
research groups. In a nacenl paper (J[. Qrg. Chem. 3001. 6$, 2350) de Craol et al. hava 
devaloped an inganaoua approach Id ItH assamblage ol ttiia ring syslem. 



Ms a SOiMe 





marasmane akaleLon 


In tPp spajc« belpw. provide a mach^nigm Tor Iho indlcatod trarioTohiiiaJlon. 



Problem 96 


Contributer: David A. Evans 

Citation: Angew. Chem. 2001 , 40, 1235 


Riequentjy, the I imitng factor in the widespread use of chiral ca-&lysts is tie efficiency of the chiral ligand synthesis. 
Knochel [AngfBW. tftejj. Jnt. Ed 2001. 4G, 1235) has developed an efficient rhodium catlyst for asymmetric 
Hydroboralon. The heystepin the synthesis of the chiral ligand is illusiratd below (eq 1). 



2CIPPhi - iduene 

-^ A -^ 

DMAP reflu j( 



( 1 ) 


Please provide a mechanism for te reaction in equaton 1 and identify te intermedate A. 



iE.SJ-ffg/mairqpf 
p ff}ft 
j^Lf/raiaPfa/} 



PfiQU|A|Y| 103 Contributer: David A. Evans 

Citation: Tetrahedron Lett 2003 , 44, 1129-1132 


Consult the dted reference for an answer to this question 


Problem 104 contributer: 

C ihahinn ■ 


David A. Evans 

Evans, Unpublished Results 
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http://evans.harvard.edu/cgi-bin/problems/search5_getAnswers.cgi?qn=3... 


The indioted allyimeial mdeopkile adds ne^selectiviely to the indioted (ydoheKanorie deriira.tEre 1 to afford the 
tertiary aloohols 2 r and 2 d having the indimted stereochemistry (Evans & Andrews, 1974J. These 

addiicts may be individually rearranged to the indioted aldehyies 3^ and 3b with complete control of 
stereochemistry. This set of transformations readily provides access to functbnalised quatenory centers. 



Provide a mechanism for the transformation of 23 . into 3d that is consistent with the experimental cbserratisns. 
Where appropriate, provide three-dimensiorHl drawings to reinforce your answer. 



Problem 107 Contributer: 

Citation: 


David A. Evans 

J. Org. Chem. 2001 , 66, 7751 


In Heathoock's recent synthetic approach to the alkaloids, an interesting series of transformations were used 

(Heathcocl, JOC, 2001, 66,7751). 



Please provide a mechanism for each reaction and identify the structure of intermediate A. 



Problem 108 Co^ibuter: 

C itatinn ■ 


David A. Evans 

Angew. Chem. 1999 , 38, 971 
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The lumagilin nature! produds pcjsseas several intereatirg biotogiciel 
inciLtdifig anllbliMlc: adMty againsl ini 

Sorerisen's neoemt synthesis ol liumagillol (Angetv. Chem. tnt. Ed 1W&. 3S, 
971). Iiilermedlale 1 was Iranslormed irto lls a-OKy^enal&d cixiniterpail: 3 
Ihreugh the indicated reactwn sequence. 



fumagifiof 



in Ihs space below, Idsniily the struclufe oT intermediate A arKJ previda a machanisni lor the transTormallbn ol 1 Into 2. 



Problem 116 Contributer: 

ri1-al-inn- 


David A. Evans 

Angew. Chem. 2000 , 39, 569-573 
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In their total synthesis at (+)-methyl ep^asmonate (IJ, Felirandco-worhers {Ai 2 £su.ChsnJnt. Eci. 2000^ 5^, 5&9-5F3) deftly relay 
stereochemical relatbnships about the cycbpeniane sheleton. Their synthetic sequence is outlinedbelow. 



Fkrt B. Provide a medianism for tlie transformatian of malonate i to methyl ester 5. 



Fart C Discuss the stereochemical attributes of the epojddatbnof 5 to g^ve 6. Uni: It sbouiij !e noted hs'e that other epo:!mzing t^eris 
suehas MCPBA arejar iess stereoseieiiiive. 



Problem 118 Contributer: 

ritatinn- 


David A. Evans 

Angew. Chem. 2002 , 41, 4688 
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http://evans.harvard.edu/cgi-bin/problems/search5_getAnswers.cgi?qn=3... 


A stereoselective synlhesis of the antitumor alkaloid FR66579has 
been reported by Ciufolini (AngeLC>. Chem. Ini. Ed. 2002, 42,46SS). 

This question pertains to the transformations labeled A and E. 

Part A. Rationalize the stereochemical outcome of this di as tere os elective 
carbonyl addition. 

Part E . Provide a deteil ed m echanism for this transfoim alion. 




Part A. Rationalize the stereochemical outcome of this di as tere os elective catbonyl addition. 


OBi 


^Bn 


BiOI-^C 



CHO 



Part E . Provide a deteil ed m echanism for this transfoim ation. 


Consult the cited reference fora discussion of this transfomiation 


Problem 119 Co^tributer: 

I ihpihinn ■ 


David A. Evans 

Organic Lett. 2002 , 4, 1371 


Consult the cited reference for an answer to this question 


Problem 122 Co^tributer: 

Pihpil-inn ■ 


David A. Evans 

Organic Lett. 2001 , 3, 3033-3035 
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The interesting traiTsioniiatioiiiUustiated below was recently leportedb^F. West and oo-workers ipyg.lAt. 2001^ 3^ 
3033-303 . The pivotal reaction upon which this transiarmatian was designed is a peruychc process that affords a 
pivotal element of stereocontroL 



Fart A. Identity the pe!ricy:lic process that mtensnes in the illustrated transformation and illustrate the relative 
oonfiguiatian(s) stereooenter(s) tlat are generated. 



4e ttiemnal conrotatory 
electrocyclic ring closure 


f^ssrov fuspliof} 



Sa/jj-i Bfnisiry 


Fart E. Provide a mechanism for the oirerall transformation. Since stereochemical issues are at stake, (aiefuUy 
rendered 3-D conlormational drawing should be incorporated into your answer. 


Et 



Torsional argument: 



Aaacyf inm jtctfJtwj .cjotisw Ets wsy irum Jtfe ^^pfobs-arvad} 


Asacfr tom Ix^pin^fassaf- aciipf^snginlsriv^^onf- jtHtweac Et^ndt\^a 
obe-arvai^ 


Problem 125 Co^tributer: 

I ihpihinn ■ 


David A. Evans 

Organic Lett. 2001 , 3, 3257-3260 


The following reaction was recent^ reportedby Amat and co-workers (C^. lAt. 2001, 3,3257-3260). Provide a 
mechanism for the this transfomation which is consistent with the product stereochemistry. Since stereochemkal 
issues are at stake, orefuHy rendered 3-D ooniormatiorel drawing shouldbe incorporated into your answer. 





pf}anyf rinff sbiafds bottom ^ea 




Problem 139 Contributer: 

ritatinn- 


David A. Evans 

Angew. Chem. 2000 , 39, 4073 
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Fukayaina. has recently reported an synthesis of gelsaniine (IJ i/iJi^eLe.Chsn.lTi.Ld. 2000,39^4073). 

During the course of the synthesis, the reairan^ment of 2-* 3 was reported (eql). 


H._^OSiEta 

o 


MeO^C 


toluene. -20 “C 


CHO 

} - \ COjMe 

EtaSiG H 


2 ‘'a 

Provide a oondse meclranism for this reactian in the space below. 


MeO^C 


/S" 


; MeO^C 


Re WO 


toluene, -20“C 



ff^ayjjihg /fj 


H.^^OSiEta 

■o. 


CHG 

QAh 

J -COElWle 

EtfiSIG'^ H 


IeC/ 




Problem 141 Contributer: 

Citation: 


David A. Evans 

J. Org. Chem. 2001, 66, 886 


Aube Iras reoently reported the transformations illustratedbelow (J. Org. Chem. 2001, 66,886-889). In this study he has 
documented that the observed product is dependent on the tether len^ between the aside and orbonyl functional 
groups. 


(eq 1) 





FkrtA. Provide a mechanism for the tiransformation illustrated in Eql. 



FkrtB. Provide a mechanism for the transfarmation illustrated in Eq 2. 



Part CL Brief^ rationaliEe the difference in reactivity. 

Cydistbn of the aside onto the ketone in eq 1 forms a 6-membered ring and is therefore rapid. CycliFFitLon of the 
aside onto the ketone in eq2 would need to form a7-membered ring, which issbw andahows the other reaction 
pathway to occur. 


Problem 142 Contributer: 

ritatinn- 


David A. Evans 

J. Org. Chem. 1992, 57, 1179 
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During the oourse of the Oisnnan synthesis of puniilotoKin (J. 1992,57,1179) the injdi(a.ted transfanna.tion 

was canied out with the expectatian that the bicyclic ketone 2 would be enantiopuie sinoe the starting amine 1 was 
enantiomerually pure. Surprisin^y, product 2 was obtained as a racemate. 


1 



2 


A. Provide a mechanism for this transf armation that accounts for the illustrated stereochemiol outcome. 



GllylS 


The revised synthesis of erantiomerically pure 2 is illustrated below (J. Oyg. Chsit 1992,57,1179). Additian of 3 to 
several equivalents of the illustrated ahenyllithLum rea^nt afforded carboiyl adduct 1 as a sin^ dHstereomer. This 
intermediate was then transformed into enantiopure 2 under acidic oonditions. 


© © CH 

OTFA ^ 


r A'- ^ 


l-bO^ 




GMe 

HO Me 
4 /ti^iBfBcvgJeeicn :=&7.-3} 



2 


Fart E. Provide an ej^jlaiaticn for the hi^ level of stereocontrol that is observed in the orbonyl addition step. A 
three dimensional drawing of the carboiyl addition transition state is requested in ooi^unction with this answer. 



dg/STJt^siBd sfnifjg 


cfj^aig pcvjiruffgd s 



Fart C Provide a me chartism for the transformation of 4 to 2. 



4 


Problem 145 Contributer: 

ritatinn- 


David A. Evans 

J. Org. Chem. 1978, 43, 3705 
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MkrtinKulme has described a biooimTietijc approach to the oonstructioaiof the aspidospenm allaloid skeleton 
Ch£??z 1976j 370 50. One of the reactions deiffiloped in his laboiatory is iJlustiated below. 



Provide a detailed mechanism tor the iUnstrated transformation. 




flam thcpiadua.. 
LakiCGie c>ie ain I back 



^ COiMe 

By b?peci.kin d mawbl. 

ihc N and C iaini-M huH ba caniHOiad 




Problem 146 Co^tributer: 

I ihpihinn ■ 


David A. Evans 

J. Org. Chem. 1985, 50, 961 


An interesting rearrangement which also results in the construction of this same ring system (Question 40 Ins been 
reported by Langlods & coworkers Q.Org. Chem. 1965,50,961). This rearrangement is illustratedbelow. 



Provide a detailed mechanism for the illustrated transformation. Use three-dimensioral representations, where 
relevant, to illustrate the stereochemiol aspects of the individual steps. 



Problem 147 Contributer: 

Citation: 


David A. Evans 

Organic Lett. 2000, 2, 3011 
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Kiia.^wa andcoworkers (Qrg. Lett. 2000^ 2, 3011) liaiK recently described the trifluaroaoetic add (TFA) o.ialyaed 
reairangement ill-ustiated below. 



Fart A. Provide a ooiidse meclmiisiTi for this reaction in the space below. 




I 



Fart E. Please lationaliae the rate ditferenoe for the two substrates, hiri: Jn a^essin^ths prafrf J that 

ycjii hiiiianj}ii£lofth£itafiingq/i2hh^iihs2£. 




The eqnilibriumbetweenthe cyclahepfatriene (CHT) to the nonaiadiene (WCD) isomer ma^be pertufbedb^ 
substituents at the indioted positions, hi the ose under discussion, it has been observedby' the authors that 
tert-butyl substitution increases the ooncentrationof the tert-Butyl-NCD isomer thus increasing the rate of the 
subsequent add-otalyaed transformation to product. 


Prohl^m 1 Contributer: David A. Evans 

rrODiem XH-O citation: SynLett 1997 , 1161 


Mehta and coworkers 1997, 1161) haiK recently described the W-Lromosuacinimide (NBS) promoted 

reaiiangement illustrated below. While the product was assigned the eMO stereochemistry as iUustrated in 1, DAE feels 
that the epi-1 structure onnotbe ruled out. 



Provide a oondse meclmtism for this reaction in the space below. 
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P|-q|^| 0 IY| 150 Contributer: David A. Evans 

Citation: 

Provide a ooiicise ineclmiism for the indioted reaction in the space below. 



Problem 152 


Contributer: 

Citation: 


David A. Evans 
1991, 1203 


The following stereoselective transfamiation has been reported by Hoffmann Arm. Oisn. 1991,1203). Provide 

the stereostructuie of the major product and rahonahae -ttie stereochemical OTitoome of the process. 

OH 






■I'lCy 


MeCHG 


The product ? 
Ster'eosskztian: > 20.1 


Oi/ = cvcIcheKvt 


fmotiiLf structure 



lyyte H 



P|iQ|^| 0 IY| 153 Contributer: David A. Evans 

Citation: 


Provide the stereostructure of the major product of the indi[a.ted transformatian, and rationaliae the stereochemiol 
outcome of the process. 

lyyte 


[ine '-j 


LDAn'MSCI 

-> 

EyO 


The product ? 

>1(^1 



The lationaliaatian ? 


pra^d stmctur^e 


LDA 



U-chelation with the starting 
estr assures thatenoliiation 
will afford the fZ\ enolat 



Problem 169 contributer: 

I ihpihinn ■ 


David A. Evans 
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Consult the dted reference for an answer to this question 


Problem 170 Contributer: 

ri1-al-inn- 


David A. Evans 

J. Org. Chem. 2000, 65, 8564 


Consult the cited reference for an answer to this question 


Problem 175 Contributer: 

ri1-al-inn- 


David A. Evans 

J. Am. Chem. Soc. 1972, 2891 


In oorqmijctionwith effort; to deirelopa ^neial approach to the ;ynthe;i; of the hasubanan alkalaid 
Cephaiamme, the following tcansfomiatian hasbeen reported (Evan;, JACS, 1972,2891). Provide a 
medianion for tin; reaction. Clearly identify intermediate; A and B. 




Intemned ate 
A 


Intemned ate 
E 



endo 

Diels- Wder 




Problem 176 contributer: 

Citation: 


David A. Evans 

J. Org. Chem. 1989, 5205 


Provide a medianion for the folio wing transforniatian that predict; the ;tereochemi;try at the starred (*) ofbon 
atom; (Paquette, JOC, 1969, 520 5). 

IVte 




Problem 177 contributer: 

C itatinn ■ 


David A. Evans 

Tetrahedron Lett. 1998, 59, 4133 
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Fnavidfi a mediaiikm tliat pnedicls the observed steieodiermstry at the starred (■) carbon atoms (fejagjpalan, 
Tdra}i£^n Ldt. 1996^ 3 4133). Draw the starting mateiialj eadi intermediate, and the prodnctclear^in 3D. 



Problem 178 Contributer: 

ritatinn- 


David A. Evans 

J. Org. Chem. 1979 , 882 


Provide a mechanistic rationale for the following observations (Btirtlett, F. A. ]0C, 1979,882). 
Note: the prodncts were shown to be stable to the reaction conditions. 




Conditions 1 : 2 

Conditions A: Steady add tor of ROH t VTiamine. p, -|0;-| 

Conditions B: ROM and ynamine stmed in tie 

presen ce of a catalytic amoun t of BFq- etherate in b 1: 1G 

benzenefor 4days. 

Tha[3.3Jssgfn^1n?p{^ mafmfygesnantss a. etneeri&d, Jife/soss/acifLie froeafs. Fn^diJi^ts-&faoeiiafnsslry is 
datarmsfyad ty tha /aiaivagaosnaSrsas- att^alarfnsns of thareeling dca^ida tonds. 


Anal jfsis of Conditions A 



RO" 


Vsnyf ealions ara fin ear, wfih tha afnpty par tits! ertiogonaf id tha poft(13^s offiadoaidaixind. ASi:oiic^ far 
ahetyd} wHf appaaeh lha iaatafysnainfi^m} far\ icinaifpaff v fiat? fjasjda afiha doL/tia banda way fiujt? iha Afagmup 
witfcS? /aad^iafita fE} katana N. O-aitatat C. 


Anal ysis of Conditions B 


NEt 


HEt 

[3.3] 

Me 

I Me 


lit 

tile 

- J 

life 


H HEt 



C D 

tn tha pas-anea afaddttknat aesd andahehef, fiiasnhiattykinatieaity rt30J?ad C ean ffat?arsa iatha 
ihatJt?adynaf??fpaffy ft?a/a s^Jda ^eea A ^'"^atrafn} fZ} katana N.C-aea^/, D, tstva /aafrangBf??antappifrf. 


Problem 183 Contributer: 

Citation: 


David A. Evans 

Tetrahedron Lett. 1990, 5357 
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Provide a mechaiiism for the folloimng traiisfoiimtion (CoMan^ Lett. 1990^ 5S57). 




-H^O 





joTsOH 



aifyf carfcn 


Problem 184 Contributer: 

Citation: 


David A. Evans 

Chem. Commun. 1997 , 2263 


The ke^ step in Kiin's synthesis of perhydrohistrionicotojdn, 3, was the conversion of intermediate 1 to ketone 2 in a 
single add-otalyaed transformation 1997,2263). Provide a mechanism for the conversion of 1 to 2 

that accounts for the obsenred stereochemistry. 



1 2 3 



Problem 185 Co^tributer: 

Pitatinn- 


David A. Evans 

J. Am. Chem. Soc. 1999 , 121, 6771 
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Ojring Coney^ necentsynthesis of tepidophytine (1999. 121 , 6771). the piiiotaJ intemnedate 3 was assent bed 
by the union of 1 and 2 under the specified conditons. Provide a mechanism for this sin^e- pottransbrmation. 



Problem 188 Co^tributer: 

I ihpihinn ■ 


David A. Evans 

Tetrahedron Lett. 1983, 1621 


Provide a itiediaiiismiortlie following reaction that predicts the steieocheniistiy at the starred (*) carbon atoms 

[Vatntm,ri:, 1963,1621). 


VO M”' 

>Ft Me 


s O 





TJje/eaeirinc /^pagdf Ute cyaac TSsf fndfea^d. 71>ff fynp1ir>a1 TS 

fs ftncvBdjtepaLwe lirycf'apss S6e A/^^t/jtsirit/acra iway frac? tfje 
S-fKBsntjarBdrsfjffandsKSfTSSKSzgs effafSfgsB/sfaicn o^/je o’ene/D/insi- 
sfKfKd^ijfn and anson^ nstm as S6e /eaeStw /rocaet*. 



[1,2 anionic shift] 


¥ 



Problem 192 Contributer: 

rit-ahinn- 


David A. Evans 

Chem. Commun. 1992, 342 
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Provide a mechanism for ihe following reaction Comm, 1992, 542). 



Problem 193 co^ibuten 


David A. Evans 

J. Org. Chem. 1985, 235 


Provide a mechanism for the indicated transfbimatiDn lhat predicts the obseived stereochemishy at the three staiTed (*) 
carbon atoms {jOC, 19S5, 255). 




Problem 195 Contributer: 

ri1-al-inn- 


David A. Evans 

J. Am. Chem. Soc. 1984, 7643 
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Provide a meehanism for the indicated ti’ansfonnation that accounts for the obsei-ved stereochemical outcome 
{JACS, 1984, 7643). 



Problem 198 Contributer: 

ri1-al-inn- 


David A. Evans 

J. Am. Chem. Soc. 1973, 2724 


Provide a mcx:i’iai’iism for the thermal conversion of triquinacene to Bizulciic iJACS, 1973,2724). 



P|-q|^| 0 IY| 203 Contributer: David A. Evans 

Citation: J. Org. Chem. 1998 


34 of 69 


6/30/2007 10:09 PM 




















ANSWERS - CCB Challenging Problems 


http://evans.harvard.edu/cgi-bin/problems/search5_getAnswers.cgi?qn=3... 


Provide mechanisms that account for ihe stereoselective fonnation of Ihe products obtained by h’eatment of aldehyde A to 
the conditions shovm below. Biiefly comment on the difference in re activity under the two sets of conditions (/OC, 1998, 
7586). 




Tconditions prom ate a conoerted one foaction. Under L e wis 
acidic conditions, a stepwise mechanism pfedominates wtoa a Prins 
reaction ieads to tt^ staPiized benzyiic c^ion. Nitrogen assisted nng 
contaction ieads to the iminium ion which is quenched by the aikoxide. 



^Te 


Problem 212 co^ibuten 


David A. Evans 

J. Am. Chem. Soc. 1985, 107, 1034 
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Provide a meehanism for Ihe following h’ansfomiation. Identify A andE in your reaction sequence. (Okamura JACS 1985, 
107, 1034). 



Answer 


Phsci 

B 3 N 



{jfisrmmoiy 


Problem 213 co^ibuten 


David A. Evans 

Tetrahedron Lett. 1972, 2923 


Based on the knowledge that you have acquired in this coui^e, predict 
the product of the reaction and provide a mechanism for the 
ti’ansfonnation. In addition to the molecular fonnula of the product 
the NMR spechurn indicated the presence of three olefinic H's, one 
OMe fragment and one OEt fmgment (Tef. Lett. 1972, 2923). 

To receive full credit yoLi must also illushate how any new 
stereochemical relationships are created. 





N^^CHGO^B 

Cu(l) 


CPsMe 

CsHgNOgS 


Ci2Hi5NC^S 


Answer The to safvfng this problem is the reoogr^ion of a 12,31 sigm atrcpic rearrangement 


Sulfur ylld formation: N2=CHCC^Et 

-Ns 



RsS 

-■>■ 


The rearrangement: 




Tt^ans\A^ 


Problem 215 Contributer: 

Pil-ai-inn ■ 


David A. Evans 

J. Org. Chem. 1999, 64, 2170 
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Provide a mechanism for the foUowing set of transformations (/. Org. ChEm. 1999, 64, 2170). It should be noted that 
compound A exhibits a strong carbonyl frequency in the infrared spectrum. Clearly indicate ihe structure of compound A 
and the relative stereochemistry of any chiral intermediates. 



compound A heat 80'^ C 

^ 28^2803 


Answer 





Ph 


Ph 


retro [2jLS+2jEa^ 




Ph 



Problem 216 Contributer: 

ri1-al-inn- 


David A. Evans 

Tetrahedron 1999, 55, 13369 
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Provide a mechanism for this reari’angement that predicts the major product diastereomer {Tdif^iedr^f 1999, 55, 13369). 



n-BuU 

transmetaiiation 

V 




App/y fPe "Houy mode/": tPa a//y//c C- O bond (Pest 
acoep^or) is placed orthogon^ to the C=C bond 
and antlperipianaf to the attacking ca/banion 


PfiQU|A|Y| 217 Conthbuter: David A. Evans 

Citation: Tetrahedron Lett 1993 , 579 

Provide a mechanism for the following reaction. The reaction was shovm to proceed through isocyanate (RNCO) X. 
Identify X (Kend^ TL, 1993,579). 


u 

.A. 


M( 


HN-^ 

,OMe 

d 



C,HgNQ3 


Hf>J 


LJ 

A, 



NBn^ 

□Me 



(extended ^-elimination) 


HNBr^ 



LJ 

A. 


"NBn^ 
DMe 



Bn^NH 



C7H9NO3 


Problem 218 Contnbuter: 

Pil-al-inn ■ 


David A. Evans 

Angew. Chem. 1998 , 3173 
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Provide a plausible mechanism for ihe fallovdng anionic neaiTangement (Schlosseiv ACIE, 199S, 3173). 




n-BuU 


Li-halogen exchange at 
the primary (less 
hindered) bromide 



1.2 alkyl shift 



A steppe me<^arssm (fragmentation toito^d by Sf^) can not be ruled out, however excellent orbital overlap (o-OC^ 
OB') suggests the 1,2shift Is highly likely 


Problem 225 Contributer: 

ri1-al-inn- 


David A. Evans 

J. Org. Chem. 1983 , 48, 2685 


Consult the cited reference for an answer to this question 


Problem 230 co^ibuter: 

I ihpihinn ■ 


David A. Evans 

J. Am. Chem. Soc. 1986 , 110, 6556 


Consult the cited reference for an answer to this question 


Problem 231 co^ibuten 


David A. Evans 

J. Org. Chem. 1988 , 53, 4508 
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Wiite a plausible mechanism for Ihe twchstep illush’ated below. Where stereochemistiyis anissu^ dmw Ihe 
confomiation of the reacting entity vdaich illustrates the relationship between chi and pro chi rat centei^. 



Smdei's Original Flan: 





Problem 233 Contributer: 

ri1-al-inn- 


David A. Evans 

J. Am. Chem. Soc. 2001 , 123, 5152 


Consult the cited reference for an answer to this question 


Problem 234 Contributer: 

ri1-al-inn- 


Carl A. Morales 

J. Am. Chem. Soc. 2002 , 124, 12426 
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Rfct'nt 'vork frtim thi-StciU^ Jatw; on nnn-tarbtinyl-stnhilii^cd Tnt’tflllnfnrhpnraclK hn*; fwKni'd “the dL'vclcKpmcnt of 

A Ijfidfili rhc5JiurTn;Lj|jlj.'™tJ Bamf'iird-SU.-VL'ns/Lh^nrijl ^llpViAlic TTt-LarranjjrnunL 

dtTnonsLralLi yiHjr apprLtialicjn fur this rrnilhi^dLilcjj^y by pmviding s plausible merhjTiis-Tn fur Ihi" ve 

t^art-hfi-nrmdtiort bs^loiv, nertin^ the rijldtivL: ftt*wti>chL‘mifttry of thii and the fad lhal Hly[?L‘hi2 is a bypnoduet 

of tht^ readion. 



68 % 



Me Me 


Rh£(OAc>ti 




Rjfrodfum orniW&d for darity. NotE 
ttm cofiktfmalioit mquif^ far C-H 
ifissruon §f\^s {Z}-mK)S sltm. 



Sloltz, B. M. JHCa 3002, ^ 24 , 13426. 


Problem 237 Contributer: 

rifafinn- 


Carl A. Morales 

J. Am. Chem. Soc. 1983, 105, 4349 


Thf foliotwo ^.tL'p rL-airtion wq-uenfL- omverts Hlflrling malerinl A into t where under tho etitiditions of the 
M?tLKnd slep. C is iMirruM-lyeiJ t:j pr:Kjuct D. Priividc:: jntMrhanlMn.s fnr the nicvi’tiif.Sii.i'n of A U'l R and for B tliC jTitI 
predict the ‘itereochcmiKtry of B and C uHing clnar 3D rep^c^ientalions to justify ycrui- diDica. 


TMS 



Problem 240 Co^tributer: 

Pifal-inn- 


Carl A. Morales 

Angew. Chem. 2002, 41, 4492 
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[n a rt'CL’nt report of ^ formii] of KteninCj rt-M-ArchtTr. rcporled a (flndcm ptilycyclirAtion ivhith afforded 

Lhf fi:jll<3ivinj^ mujtjr itnd rninijr priKlijelii. PleiaSti.; prinpiwt- u rni^idiaiilsrti for this Iransi-fiirmLjlicjn ivhir'h JtcVJunls fin- 
both producl^ th^r tvlalivL^ ‘^tL'rtroehQunii^try. jud tliLMr rL'lAtivc distribution. 



MeAlCI;^ 


CHjClj, reflux 
48h 


(p- fe 





The bond anti-pofipianar la 
the teaving group niigr3tes.Equatoffal 
ppsftiM ol me tearing gtoi/ps fras 
ofte iess gsuefite fnteractm) afwf 
teadjs fo me ™<iesJ3etecffvfry frt 
protfucf dftiMJtfrtert, 7??wsis f/ie 
j'lrA'amoJ'ecui/flr ScfKTrid'f rsaefion. 

OBr 



AUI5&, J. Ang. Chem. fnt Ed, 2002, 41, 4402. 


Problem 241 Co^tributer: 

Citation: 


David A. Evans 

Angew. Chem. 2002, 41, 4323 


Renaud has disclosed an interesting reaction cascade {hngm. Chem, \ni Ed 2002, 41, 4323) One of the 
reported transformations is illustrate below. The paper includes six related examples, 


BugSnH, A 

3.Ph 

II 

O 

Provide a plausible mechanism for this reaction cascade Your answer should include three-dimensional 
structures that accurately depict ground and transition state representations, 

For related reactions, see Problems 83,175, 212 For related literature, see also, "Aiiyiic; Suifcixid&s: Us&fui 
Intermgdiatas in Organic Synthesis". Evans, D. A.; Andrews, G. C. Acefs. Cf7eJ7T. Rss. 1074. 7, 147-156. 

Answer 





bond homolysis 





Problem 242 Co^tributer: 

Citation: 


David A. Evans 

Angew. Chem. 2002, 41, 4321-4323 
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Renaud has disclosed an interesting reaction cascade {Angew. Chem, int. Ed 2002.41, 4321). One of ttie 
reported transformations is illustrated below, The paper includes related examples. 



Provide a plausible mechanism for this reaction cascade. Your answer should include three-dimensional 
structures that accurately depict ground and transition state representations. 



Problem 243 Co^tributer: 

Citation: 


David A. Evans 

Chem. Commun. 2003, 798 


Consult the dted reference for an answer to this question 


Problem 258 Contributer: 

ri1-al-inn- 


Tetrahedron Lett. 1982, 23, 3931 


Pmvidi* ^ rntirhanism ftir Lhv [nrluclt.' Lhc slttriH'ichemislT^' j|l inLLTmtiilii^l^MiJnd 

provide 3D drawirtps of all l:ran.-iilii:pn states. 



1) j>BijLi 
2 ) heel 




T. Nakai Xeirafted™? lefr. 1W2. 23, 79& 


Problem 260 contributer: 

rital-inn- 


Carl A. Morales 

Strategies & Tactics in Org. Syn. 1991, 3 ,165-198 
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U^iTig 3D reprcHcntiitions prtividt' a mwhaniMn for fhf (rfln^ftirmntion bt'low, 



antf raiSricfijrt Synffwste. voi. 3; 1991. p 165-19a. 


Problem 261 Co^tributer: 

Pihai-inn- 


Carl A. Morales 

J. Am. Chem. Soc. 1995, 117, 7379 


piMiifide A; mLirhjni.Mn for ih^: fihllotv'injf L^J^^F[>^mJLiLm Lh^L (Ivorly uxploms Lh^.*' trKc|i|MVc F^irmjlM'in oF Lhi*' 
nndir^ied LildL'hydt: prcdurl Ljnd Lhc luirk c^f tiitrinc. 



Accopding lo ths prindpte olleast inolton, forihs 1,2-stiifi lo occur GBfbocatfon A musf rotsle lo ptaoa eifher the 
siHyi group or the hyOroger] atom in a posiUmi to owen/^^/? mth the vacartt p orbttai. RoJatton In a oomfierctoc^rtfee 
sorwe fo aligh the aikyf group lor migration fegutros #te hyrlfogen afom iw ecfijpffe tfio wnj^ fjwieiy Thta {orsfOTiai 
/nteraclion is tes3 costly than the aciipsing of ttre atkyf grotjp end mothyi group caused' by dockoffse rotetion. 


Jung, M. JACS, 1W5, 7379. 


Problem 262 Contributer: 

TiFaFinn- 


Carl A. Morales 

J. Am. Chem. Soc. 1995, 117, 7379 
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piMviJiu ^ mLirhjni.MTi f<]r L^J^^F[>^m^LiLm Lh^L clearly explains Lh^." F^irmjlli'in niF Lhi*' 

indir^ivd LildL'hydt: pr<:duH.Ljnd Lhe I Ltrk c^F 



Accofding to tha prindpts otleast malton, foftha 1,2-shiti to occur GBfbocatfon A musf rotate to ptaca eifher the 

siHyf group or the hydrogen sfojn fr? a posKum to owen/^^p with the vacant p orNtst. In a cici[W3(Brcfoc,Rrt^se 

serwe ter aiigfi the aikyf group lor migration foc^iros the hyaHrogerr atewt ii? ecFijpw itee vinyi nwiety Thta tonsioTiai 

mteraction is tes3 costty than the acfipsing of the aSryi group end mathyi group caused' by dtxkwfse rotetion. 


Jung, M. JACS, 1W5, 7379. 


Problem 264 Contributer: 

Citation: 


Carl A. Morales 

J. Org. Chem. 1996, 61, 9065 


[n rtftnt study, the -authors bej'iin life with chiral epoxide A and cifctaitied aldehyde B follcuvitiH the 
C[]aidili<:nN btrhiiv. Pn^vidt: a mL-ch Lin Ism thLil Ltmiunts f«]r Ihis- slj^rULN-di^LfucliVi; prext-ss. Vlhi Jln n^il havi: in 

explain the d^iubL' bend geiLtwietry ia Ihn pt\:iduct. 




OBri OBn 



OBrt 



B 

Jung, M. JOG, 1W6. 67, M65. 


Problem 265 Conthbuter: 

Citation: 


Carl A. Morales 

J. Org. Chem. 1986, 51, 5503 
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Tht‘ fplltiuinj' rL'iTction a kc^' in the (’[wntinsek’^tivL' s'.ynttw.'sis of (.+)'dih}''clroct)®twn.c»lidc 1. Provide a 

reJihMinLibiL: rnt:rh:9iil sm fur Lh4.' CHirTVcrMpn iif 2 to 3 rL-prL‘NL‘i4|^'li<inS- 



flaucher. J. Org. Chefw. 1 Wi, 5t, 5509. 


Problem 266 Conthbuter: 

Citation: 


Carl A. Morales 

Tetrahedron Lett. 1972, 2923 


Provide a mecTiarlsm lor the lollowing transformallon and predict tie stereochemisiry of the product 
(Ysahimoto, M. TeJ^flfredlf™] LeH. 10T5, 2923.). 



53% 



COpMe 





Problem 279 Contributer: 

Pihpil-inn ■ 


Jake Janey 

Angew. Chem. 2003, 42, 2540-2543 
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Kogenhas reported an interesting rearrangement of indoline-2-meihand to 2^2^3-tri substituted tetrahydroquinoline {Angeu?. 
Chetn. hit. Ed.y Bngi 2003, 42, 254(>2543). Along with numerous examples, they reported a synthesis of (-)-virantmycin. 
Propose a plausible mechanism for this rearrangement. 





Problem 280 co^ibuten 


Jake Janey 

Angew. Chem. 2003, 42, 2534-2536 
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J. S. Johnson has reported away of forming a-hy dr oxy ketones by a cross condensation of an aldehyde and an acyl silane 
catalyzed by KCN/ [18]crown-6 {Arigew. Chem. ItiI. Ed., Engl 2003, 42, 2534). This reaction is quite general for folining a 
variety of ct-hydroxy ketones. Provide a plausible mechanism for this cyanide catalyzed reaction. 


O 

1 ^ 1 


cat. KCN/[ 18]crown-6 





DS\EU 


Answer Catahf^ed cross sit^l bensom reaction 


^ :N. [l,2]-Brook 

O *. r-<-r.n+ 4 . OSlEt- 

cyanation ^ C CrM rearrangement i 

SEt, R^^^^SEts 


.A 


M-^-CN 


Product 



NQ OTM^ 

DSiEta . 


retro- 

cyanation ^ 



addition 


N-M^ 
O 


A. 




Nq pSiEta 

^CTM-^ 


[l,4l-silyl ^ 
migration 



P|-qU| 0 |y| 284 Contributer: Karl Scheldt 

Citation: J. Org. Chem. 1990, 55, 1374-1375 

In 1990, Johnson reported the useful reaction illus tinted below far the synthesis of c-amino phenyl acetates (/, 0?g. Chem. 1990, 
55, 1374). This general process is generalizable to the ortho alkylation of aniline derivatives. 





S ommel et-H aiis er 
Rearrang^nent 


This process represents a subset of the [2.3] 
Wittig ReaiTangement 

Nakai, T.: Mikami, K. Reu. 1986, 86, 885. 


Me^' 


^^CP2^- Bu 


^COo^'Bu 

Mer^ 

.NHo 




Aromatize 

11 



Q 


11 

□ 


Prnhlom Contributer: Keith Woerpel 

OP e OO Qtatjon; Organic Lett. 2003, 5, 333 
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McVVhtirter reported a transformation of indoJenes that is likely involved in the biosynthesis of biologically active indole 
diterpenei; 2003r 5, 333). Provide a mechanism for the illustrated transformation. 



Provide a mechanism for the illvistrc'xled transformation. 


The answer is provided in the paper. 


Problem 287 Co^tributer: 

Pihal-inn- 


Keith Woerpel 

J. Am. Chem. Soc. 1994, 116, 3290 


Pmvidc a mechanism for the Illustrated transfoimalion, and rationalize the stereochemistry (S. Niw’ayama, S. 
Kobayashi /. Am. Chem. Soc 1994, lUi 3290). 



C0^M6 


silica gel 


6 days 

room temperature 




norbornyl cation 



Problem 289 Contributer: 

Citation: 


Keith Woerpel 

J. Org. Chem. 1977, 42, 363 
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I^yvide a mechanism h>r the following Iranshirrmatiyn (K. Yano. K. Yt^shida /. Or^, Oieifi. 1977, 42, 363). The paper 
describes another related example as well as kinetic data for these reactions, 



The paper offers one mechanism^ but here is an alternative one that proceeds via a few more inteimcdiatcs, thus 
avoiding a seemingly cfjunlerintuitivebond reorgani/.ation: 



this cyclopropylcarbinyl cation is in equilibrium with other 
cyxlopropylcarbinyl cations as well as cyclobutyl cations and liomoallylic 
cations... this mechanism is an exercise in these rearrangements 



Problem 291 Contributer: 

ri1-a1-inn- 


Keith Woerpel 

Tetrahedron Lett. 1995, 36, 1989 


I'he biosynthesis of a family of sesquiterpenes, the pterosins, are believed to involve acid-catalyzed rean-angeinents. Ftn 
example, the reaction shown below is believed to be part of the biosynthetic padiway. This transformation is part of 
Padwa’s paper describing approaches to the synthesis of these natural products (A. Fadwa Tetrahedron Lett. 1995,36, 1989). 
Provide a mechanismfor this reaction. 



The mechanism is shown in the paper. 


Problem 292 Contributer: 

Citation: 


Keith Woerpel 

Tetrahedron Lett. 1998, 39, 7239 
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Provide a mechani&in for the folknving transformation (]. Aub^. Ti^traheUroti Lett. 199ft. 39, 7239), Your mechanism 
should account fot stereochemistry' as well as the different outcomes depending upon Lei^is add. 



The mechanisms for these reactions are provided in the paper. 


Problem 295 Co^tributer: 

Pihal-inn- 


Keith Woerpel 

J. Org. Chem. 1971, 36, 2324 


lYtwide a mechanism for the foJlowinj? transformation {O, R. Rodig. /. Grg. Oiem. 1971, 36, 2324), 




Problem 296 Contributer: 

Tihal-inn- 


Keith Woerpel 

J. Org. Chem. 1998, 63, 6096 
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Provide a mechanL&m for the following Iransformations (Y. Ita /- Oj'X- Chem. 199S. 65. 6096). Your answers should 
account for the stereochemistry of the reactions. This paper shows several other examples of the top reaction, 


10 mol% 
Me^SiOlf 



O Me 


93% ee 


CH2CI2 

-7ft 

72% 


10 mol% 


MeCN 
-30 "C 

52% 



32:1 dki^tereoaeUxthn 
92% ee 



VtecharLisins for these reactions are provided in the paper. 


Problem 298 Contributer: 

Tihal-inn- 


Keith Woerpel 

J. Am. Chem. Soc. 1988, 110, 2894 


Provide a mechanism for the following transformation (A, Fadwa /. A/fj. Soc. 1988,110, 2894). 



A mechanism is provided in the paper. 


Problem 299 Contributer: 

ri1-a1-inn- 


Keith Woerpel 

Tetrahedron 1998, 54, 6457 


I'hermal decomposititm of functionalized diazo compounds was found to provide some interesting structures (F, 
L^ost, Teimhedmti 1998, 54, 6457). This paper includes several examples. Provide meclianisms for the forma tioi”L 
of the following two products. 



Mechanisms are provided in the paper. 
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Problem 304 Conthbuter: 

ril-al-inn- 


Keith Woerpel 

J. Am. Chem. Soc. 1999, 121, 7476 


ftovide a. mechanism toi the fallowing translarmation {G. Szeimies. /. Am. Chetn. Soc. 199% 121, 7476). 





carhcue 


5 



carfvne 
C-H inucfihn 


3 



Problem 305 Contributer: 

Tihal-inn- 


David A. Evans 

Organic Lett. 2003, ASAP 
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A newly developed strategy has recently been reported for Ihe constmctiDn of eight-membered lings (0?g, Lett. 2003, ASAP). 
Provide a plausible mechanism for Ihe illustrated ti’ansfomiation. Please include confonnational drawings that also explain 
the stereodaemical outcome of the ti’ansfoimation. 




Problem 310 Contributer: 

Citation: 


David A. Evans 

J. Org. Chem. 1972, 37, 4090 
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Sjst and Citale [J. Ofg. Ctiafn. 1972. 37, 4CeO) haine reported that cis chlorodecalone f1) was treated with 
methyllithium and a mi rtire of stereoisomeric alcohds was isolated. When this mi jOire of alcohds was converted to 
the derived magnesium alhoMdes and heated in benzene, tie ring contracted product [2) was isdated in 48% overall 
yield. Itis interesting that none of tie trans methyidecalone (3) was observed. 



1) MeU. El^O. H 2 O 

2] >PrMg&. 

reflu y 

48% yield 




Not isdated 


Pa't A. Fiatonaliie the fcrmation of 2 from both diastereomeric alcohols derived from 1. Please use carefully 
rendered three dimensional cbawings to illustate your answer. 


C-CI d" 



the relevant minting C-C bond ali^s in 
an ant peri planar arrangement with the 
antbondng C-CI orbital in both instances 



Pa't E. Explain why the indicated alhoxide does not lead te the 
format on of 3. 



This alhoxide. in principle, could rearrange 
to give either reacton product. This pdntis 
illustrated in the appended scheme. 

However, conformer Bis strongly 
destabilized by the indicated double 
gauche pentane interacton. This 
destablizaton is reflected in an increased 
actvaton energy for the rearrangement to 
3. The rearrangement via conformer A te 
product2 does not suffer such 
destabilizaton. 



Problem 311 Contributer: 

rifafinn- 


David A. Evans 

J. Am. Chem. Soc. 1986, 111, 1923 


The iodne-induced fransformaton shown below is aheystepin tie Williams syntiesis ofcroomine (J.4CS1939. ftf. 1923). 
Gven the stereochemical outcome of the illustrated transformaton. propose a detailed mechanism for this reacton 
sequence. Williams has recenty provided another closely reacton of the same design ( Orff. irt?2003. 5. 3361). 


+ (MeD 


Answer 
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Problem 315 Conthbuter: 

ri1-a1-inn- 


David A. Evans 

J. Am. Chem. Soc. 1966, 88, 2494 


Berson and co- iworiiers have studied the thermal isomeriiaton illustrated below 966, BS, 2494 2502]. 


Me Me Me Me 



Provide a ration aliia^ on of ti ese resul fe. Th ree-dim en sion al oba win gs are recomm en ded. 



breah C-C bond homolytcally 


retention at migrating 
ca'bon 


evaluate symmetry of 
pen-^dienyl radcal 







0 0 0 

99 . 00 

0 0 0 0 

9 9 99 9 

0 0 00 0 


L 

n 

n 

Radical 


Problem 325 Contributer: 

rihaf-inn- 


David A. Evans 

Organic Lett. 2003, 5, 2619 


The furan shown below rearranges on standing at room temperature to the product shown below [Cyg. L&tf. 2003, 5. 
2619]. The mechanism proposed in the article for this transformaf on is a [3.5] sigmatropic rearrangement. 




□ewa"-Zimmerman Analysis 
2 phase inversions 
Huchel topology 
8 electons 

Anti-aromatic and disallowed 


FMO Anal ysis 

Imagne breaking the fragnents into a 
cafoniknion pair (or a pair of radicals) and 
allow tie HOMOand UUMOto interact. 


Pentadienyl anion HOMO 



Pa-t B. Hease provide a mechanism for this rearrangement that is more consistent with the rules of orbtal 
symmetry. You do not need to provide ajusf Ication for tie step(s) of your mechanism. 
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Problem 326 Contnbuter: 

I ihpihinn • 


David A. Evans 

Organic Lett. 2003, 5, 2747-2750 


The illustrated tansfomnaliQn reported this year by West and co-wortiers [Cfg. Latt. 2003, 5, Z747-2715O0 rapidly 
facilitates the construction of the com plex ticyclic hetone 1 in 67% yield. 



Please p'ovidea concise mechanism fortiis transformation. Use 3-dmensional nep'esentaf ons where appropriate to 
ill ustrate your ans w er. 








non balding 




ip, 





0 





00 "^ 

The cycloaddf on 



Problem 327 Co^tributer: 

I ihpihinn ■ 


David A. Evans 

Tetrahedron Lett. 1989, 30, 3509-3512 


In 1989, Cha reported a study on the tiermal isomeriiafon of alhoxypyrones ( Tat Latf. 1989, 30. 3509-3518) ■ Crie of 
the cases slides was tie rearrangement of 1-*2. 


1 



2:1 >30:1 


Pa^t A. Provide a mechanism br this rearrangement in the space below . 



Pa-t B. At ecpilibrium, 2 is strongly fevered over 1 (2:1 >80:1). Hease ratonaliie product sfeblity on tie basis of fee 
anomeric effect as was done by the authors. 


The authors suggest thatthe added anomeric effect of the indicated 
oxygen lone pair donating into the polarized d' 0-0 3-4 is consistent with 
the noted the difference in stablity 



MeO-^ O 


2 


Problem 328 Contnbuter: 

Citation: 


David A. Evans 

Organic Lett. 2002, 4, 4547-4549 
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A synthesis of the hydrocarbon pentalenene was recently disclosed by Paquette and co-wortiers {CYff. Lgtr. 2002, 4. 
4547-4S49). The pvotaJ reaction cascade thataflbrds tie pentalenene core 1 is illustratd below. 



' Pan is^3nen a 

Please provide a mechanism for tie reaction cascade tiatresults in the production of the tricyclic core 1. Your 
answer should include clear 3-D drawings where relevantand should clearly identfy intermediate X. 



Problem 332 Contributer: 

ritafinn- 


David A. Evans 

J. Am. Chem. Soc. 2003, 125, 13624-13625 


Sbiti and co-worfiers recen tly re ported the interesting rearrangement illustratd below (J4C^S2003, J25. 13624). 



95% yield 


Please provide a m ech an ism for ti e i Hu stated transformal on. You r an s wer shoul d in clu de cl ear 3- D ctawi ngs where 
relevantand should provide tie stereochemistry of the m^or productdiastereoisomer. 

O 



Problem 335 Conthbuter: 

Citation: 


David A. Evans 

Tetrahedron Lett. 1985, 26, 5277-5280 
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Frtjer and co-uuoikers (ref. 1988, 28, 263) have reported a very interesting approach to the [3,33]propellane 1. 
This tricyclio ketone rriay be produced in quantitative yield thrcugh acid-catalyzed rearrangement of ketones 2 or 3. 


(eq 1) 





(eq£) 


Please provide a plausible mechanism far the rearrangement2-*1 (eq 1). Use 3-dmensional representatons where 
a ppro pri ate to i Hu state you r an s wer. 




Problem 336 Co^tributer: 

I ihpihinn ■ 


David A. Evans 

J. Am. Chem. Soc. 1982, 103, 82-87 


We have discussed the Pirrung approach t the synthesis of isocamene (2) 982, fOS. 82-87) that featires tie 

acid ca'&.lyzed rearrangement illustrated below (eq 1). In the Pirrung study the rearrangement of he tone 3 was also 
reported (eq 2). 



Please provide a plausible mechanism for the rearrangements-^ (eq2). Use 3-dmensional representafons where 
a ppro pri ate to i Hu state you r an s wer. 



Problem 338 Co^trlbuter: 

I ihpihinn ■ 


David A. Evans 

Z. Naturforsch 1986, 386 
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The indole alhaloid ('■?9S^vindolinine readily Eomerizes into its diastereomer under the influence of trace 
amount of acid present in chloroform (Atta- ur- Rahman Z. 198G, 386(5. 



Provide a mechanism for this rearrangementin tie space below. Explain why (19R) isomer is more stable than (19S). 



N T 'COjMe 


ThBfUBthyl gfiDup in (19S)-vini:lolininB 

3 nonifoniJing intsTsction kwifr ifre 
indicateJ 2-c3{-ixin ^usdffStsSxiizing it 

reJsirve fo fe iJiastereofusr. 


il 




Problem 343 Contributer: 

ritatinn- 


David A. Evans 

Chem. Commun. 2003, 3044 


60 of 69 


6/30/2007 10:09 PM 



ANSWERS - CCB Challenging Problems 


http://evans.harvard.edu/cgi-bin/problems/search5_getAnswers.cgi?qn=3... 


Lange rand co-workei^ recently reported the interesting e/ra/7^Staudinger reaction illustrated below ( Ctmm Comm. 
2003 , 3044). The anticipated reaction product was pyrrole 3 while the observed product was 4 . 



1 2 


Step 1: a) 2 LD A + 2; add 1; aqueous workup 

3 (Anticipated) 

Provide a detaiied mechanism tor this transformation. 



H 



4 (Observed) 
PPha, THF45" C, 24 h 



Mechanism of the Staudinger Reaction 


0., 


O 


N—N=N 


J © 


C 


PPh3 



N-N 




.N—PPh3 


N=N 


^N=pph3 


in Step A. nucieophiies perferentiaiiy add to azides to give an intermediate having the cis geometry as shown as 
documented by Trost (^>^CS'1983, 105, 1054) for Grignard reagents. A stereoeiectronic argument may be used to 
account tor the cis sterecseiection. 


Problem 344 Conthbuter: 

ri1-a1-inn- 


Keith Woerpel 

J. Org. Chem. 1994, 59, 5662 
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As- part of a pJanned synthesis of an Peaistm and Postich attempted a l amaoPleming 

oxidaticMV but a rearranged product was obtained. Provide a mechanism for the following transformation (W. 11. 
Pearson, M. J. Postich, /■ Org. ChetfL 1994,59, 5662). 



While the paper providc?s a mechanism, an alternative involving more intermediates may also be feasible. 



ally lie cation 




fi-5ilyl h'Hzylic cation, 
^toidd be tttore stable 


Problem 346 Contributer: 

Citation: 


Keith Woerpel 

J. Org. Chem. 2002 , 67, 1388 


Provide a mechanism ft>r the folknvinj; transformation (A. K. Hergueta, H. W. Moore, /. Org, Chem. 2002, 67, 



A mechanism is provided in the paper. 


Problem 347 contributer: 

Tihal-inn- 


Keith Woerpel 

J. Org. Chem. 2002 , 67, 2447 
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I^Dvide a mechanism tor the following transformation (C, UnalertigJu, V. Aviyenle. S, Arseniyadis. 
/. Or^. Chem. 2002, 67, 2447). 


Of-Bj 



A mechafiistTi is pmvided in the paper. 


Problem 349 Co^tributer: 

Pifai-inn- 


Keith Woerpel 

Organic Lett 2000 , 2, 663 


'rhermoJysis of 1,2-divinylcyTlohexanols leads to some interesting products (J. M. Warrington, G. F, 
A. Yap, L. Barriault, Org. Lt’ff. 2000, 2, 66B). Provide a mechanism for this reaction, including a 
rationalization of stcrcochcmistiy. 



A mechanism and an explanatit>n of the stereochemistry is provided in the paper. 


Problem 353 Co^tributer: 

Pihai-inn- 


Keith Woerpel 

Organic Lett 2000 , 2, 3011 


Provide a mechanism for the following reaction (I’. Kitagawa, Org, Ldf. 2000,2, 3011). 



A mechanism is provided in the paper. 


Problem 359 Contributer: 

ri1-a1-inn- 


David A. Evans 

J. Am. Chem. Soc. 
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An elegant enantiodivengentsynthesis of the potntant-iingal reagent Preussin uas reported by Ouerman \JACS 
1994, 11241.]. 



Bh 


Pa't A. Provide a mechanism for the transformation illustrated in Eq 1. Where stereochemicasi issues are involved. 
3-cimensional drawings should be employed. 



Pa't B. Provide a mechanism br the transformaf on illustrated in Eq 2. Where stereochemicasi issues are involved. 
3-dmensional drawings should be employed. 



rtf in'itti fzed for itenzyl protecisd ertf tne 


Problem 364 Co^tributer: 

I ihpihinn ■ 


David A. Evans 

Organic Lett. 2002 , 4, 2629 


A recent paper by lyytajumdar and co-worhers reported the transformaton illustated below [Qfganse^ ieif2002. 4. 2629]. 
Please provide a mechanism for this process. Feel free to use trace quantities of HXwhen needed. 
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Problem 365 Contnbuter: 

I ihpihinn • 


David A. Evans 

J. Org. Chem. 2001 , 66, 2884 


A recent paper by Ivtartens (JOC 2001, SS, 3384) reported the reaction shown below (Eq 1). Please provide a 
mechanism for the conversion of 1 to 2. It is noteworthy tiat the Rctt-Spengler of 1 does notgive 3. 



Problem 367 Conthbuter: 

Citation: 


David A. Evans 

Organic Lett. 2003 , 5, 4775 


A recent paper by Worfiman and co- worhers ( Org. Latf. 2003, 5, 4775) descri be an efficient reaction for the formaf on of 
spiro-heterocycle 1. Propose a mechanism br the formation of 1. 



EtOiC^^^^COsEt 

T 

Nj 


CuCacac^2 (5 mol%) 

toluene, reflux 
90% yield 




P|-q|^| 0IY| 370 Conthbuter: Jonathan scheerer 

Citation: 


65 of 69 


6/30/2007 10:09 PM 












ANSWERS - CCB Challenging Problems 


http://evans.harvard.edu/cgi-bin/problems/search5_getAnswers.cgi?qn=3... 


Gibberellic acid is a notriously sensiti^ie natural product. Rearrangement occurs readily in both acidc and basic 
condition s. Provide a m ech an ism for the i Hu stated rearrangem en t u nder d lute H Cl. 



Problem 374 Contributer: 

Citation: 


David A. Evans 

Organic Lett. 2003 , 5, 5099 


Pa^erikopf end Yu have receelly neporled a new "diyereily-orienited’ syntltesis of pyrroles [Org. LeH. iOiW. 5, 509Q). 
The two-step process iliusirated below will acoomodete a range ol T|" substituents. 




Problem 376 contributer: 

Pihpil-inn ■ 


David A. Evans 

J. Org. Chem. 1975 , 2431 
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The Katada nearrangefinerit is a method to effect site specific OMdaton of certain aromatic heterocvcles. Please 
provide a mechanism for the specific ejcam pie of the Ka&da rearrangement shown beiow [J. Cf-g: Chem. 1 STS, 3431). 



Problem 377 Co^tributer: 

C ihat-inn ■ 


Travis Dunn 

J. Org. Chem. 1975, 2431 


The Katada rearrangement is a method to effect site specific owdaton of certain aromatic heterocvcies. Please 
provide a mechanism for the specific exam pie of the Ka&da rearrangement shown below [J. Og Chafn. 1975, 3431). 
When heterocycle 1 was treated with warm trifluoroacetic anhyd-ide and trifluoroacetic acid, the unexpected product2 
was isdated. Please provide a mechanism ibr this unusuaJ rearrangement. 



TFAA 
TFA 
50 "C 


NaOH 

quench 



NaOH 

TFA hydrolysis 



solvent assisted 
tautomeriiation 


[3.3] sigmatnopic 
rearrangement 



NF|2 


Problem 378 Contributer: 

Citation: 


David A. Evans 

J. Am. Chem. Soc. 1994, 116, 1776 


Paquetfe and co-worfiers have reported that thermal isomerization of 1 occurs to give triene 2 as a single diastreomer 
(74CS 1994, ffS, 1776). Provide a plausible mechanism for this transformation and provide the product 
stereochelmical relationshipof 2 based on tie absolute stereochlemisty of tie starting triene 1. 



Problem 380 Contnbuter: 

rifafinn- 


David A. Evans 

Organic Lett. 1999, 677 
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Taheda and co-ujorhers have developed an eflcient stategy for the syn tiesis of tised 5,7 ring systems tjy reacting 
acyisilanes with lithium enolates [Ofg. /.eif,1999. 677]. Although the 5.7 bicyclic product 1 is often observed, the 
nature of the enolate nucleophile can affect the course of ti e reaction. 



Provide a mechanism ibr the formaton of boti tie antici pa ted 5.7 bicycle 1 and the tricyclic hetone 2. 





Problem 383 Contributer: 

Citation: 


David A. Evans 

Tetrahedron 2000 , 56, 2591 


Kass has reported the interest ng carbonium ion rearrangement shown below 200G, 5S, 2591). 

Provide a mechanism for this tansformaton. 


OTs 



Problem 384 co^ibuter: 

I ihpihinn ■ 


David A. Evans 

Organic Lett. 2000 , 1625 
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A hey step in Aubels total synthesis of (+]-AspdQspermidine [Ofg. Lgtt., 2000, 1625) involved the rearrangement 
shown in equation (15 to form the requisite nitrogen heterocycle. However, u pon su Section of the startng aiide to 
Lewis acidic condtons, an unexpected rearrangement occun-ed as shown in equaton C2). Provide a mechanism for 
the brmation of both tie expected and unexpected products. 
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Problem 387 co^ibuten 


Karl Scheldt 

Tetrahedron Lett. 1965, 21, 2297 


The tomiation of ketaJs from ketones is usually astraightfonA/ard operation. However, it was found that tioatment of 
unsaturated ketone 1 with pTsOH and ethyiene giycol did not provide the expected ketai, but the aromatic compound 2 as 
the major product (Tetrahedron Lett. 1965 , 21 , 2297). 



Provide a plausibie mechanism for this reaction. 
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Problem 391 co^ibuten 


Karl Scheldt 

J. Am. Chem. Soc. 2003 , 125, 9278 


A recent approach to the construction of 7-membered rings from aromatic systems such as 1 involves the fdiowing 
segience of reactions (J. P. Clayden; F. E. Knowles S C. J. Menet J. Aw. Chem. Soc 2003 125, 9278-9279). 


MeQ 



1. ^BuLI, HMPA 

2. hv(500 nm) 

3. NH 4 CI 


94% yield 



Propcse a mechanism for this reaction and pay careful attention to any sigmatropic and pericydic prccsssess. 


Ansvtrer 



b-?nz}’li c center 





HOMO 


HOMO 


Me 


MeO- 



■Ph 


LiO 



product 
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Problem 404 Co^tributer: 

I ibpibinn ■ 


Phillip S. Baran 

Organic Lett. 2000 , 2, 2905 


Leighton and Bio have recently disciosed the fd icwing approach to the core of CP-263.114 ( C^g. Lett 2000 . 2905). 



Please provide a mechanism for this transformation. 
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Problem 405 co^ibuten 


Phillip S. Baran 

Angew. Chem. 1975, 765 


Lechner and Christl described this interesting, albeit unintended degradation of 1 upai treatment with methyiiithium 
{Ange^. Ct^m. Irt. Ed. 1975 , 705). These studies were undertaken en route to tetratedrane, although the ultimate 
goal was never real! ^d. 



Please provide a mechanism for this transformation. 
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Problem 407 Contributer: 

Pibpil-inn ■ 


David A. Evans 

Organic Lett. 2004 , 6 , 613 


Chiu and Li have reported the illiustrated acid-promoted cyclization that was designed to serve as a pivotai bond construction 
in the synthesis ot guanacastepene A (C^ Left2004, 613). The authors note that the principai products may be reguiated 

through the proper seiection of Lewis acid promoter 



Provide a detailed mechanism for the formation of both products. Please denote the anticipated reiative stereoctemicai 
relationship for the hydroazularB product. 





For anexosilent overview of the Nazarov reaction see: Habermas. K. L.; □enmarf<, S. E.; Jones, T. K. "The Nazarov 
Cyciization." YJ^994, 45, 1-158. 
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Problem 409 Contributer: 

Pibpil-inn ■ 


Dan O^Malley 

J. Org. Chem. 1977, 42, 3114 


Tcsylmethyl isocyanate (TosMIC) is a remarkable reagent developed by van Leusen and co-iworkers at the Univeis:ity of 
Groningen. One use of this reagent is for the on&carbon homologation of ketones to nitriles as illustrated below {J. Org. 
Chem. 1077, 19, 3114). In the illustrated application, Roush has applied this methodolgy to his synthesis of dendrobine {J. 
Am. Chem. Sea 1900, 4, 1390). 


o 


NC. 


H 

Dendrotme 

\ 

_ GO^Me 

Ts^^NC 

"TcsMIC 


steps 

Me—N 


5 equiv. tBuOK 
DME, t-BuOH 


(Roush) 

GOgMe 

^ We 

n “ 

pH 

Me"'’^Me 


Me-^ 

'"Me 

LJ - 

Me^^ 

"Me 


Provide one or more plausible mechanisms for this transformation. 



OR 


Step A commentary: This step should probably be viewed as an electrocyclic ring opening 



5-endo-tng (disfa vored) elec^rocydic ring <penlng 

(favored?) 
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Problem 410 Contributer: 

Pibpil-inn ■ 


David A. Evans 

J. Am. Chem. Soc. 1991, 113, 9692 


In 1977 L T. Scott reported the remarkable automerization ot naphthalene shewn below 1977 , 5^4503). This study 
was followed up with a second report that provided aditional evidence that sug^sted that an Intermediate, BF, is formed 
during the course ot this reamangement {JACS^99^, 113, 9692). 



ot- ^Oiabeled CioHe is isomerized into labeled CioHg at1035°C 


Provide one or more plausible mechanisms for this transformation and propose a reasonable structure for Intermediate BF. 


Two mechanistic proposals are provided below. Intermediate BF was synthesized and shown to partition toB and A under 
the reaction conditions. 
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Problem 411 


Contributer: 

Citation: 


David A. Evans 

J. Am. Chem. Soc. 1991, 113, 7082 


Corranulene, the bowl-shaped aromatic hydrocarbon illustrated below, is an aromatic hydrocarbon of theoretical interest. 
The interest in this structure follows from its polarized r^onance structure that generates two internal Huckel 6- and 14-pi 
electron systems, thefiret synthesis of corranulene was reported by Lawton in 1966 through a multistep synthesis sequence 
{ JACS^9m, 38, 380). Subsequently, L. T. Scott reported the elegant high temperature synttBSis ot corannulene illustrated 
be\(M{JACS^99^, 113, 7m2). 




Internal Ring: 6 e~ 
Eit^nal Ring: 14 e~ 



1000"C 

-k 

= ICr^'Torr 




Provide one cj more plausible mechanisms for this transformation. 





This synthesis was based on the "pioneering wcrk of R. F. C. Brown who first demonstratredthe reversible rearrangement 
of terminal acetylenes to vinylidenes under the conditions of flash vacuum pyrolysis." LTS 
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Problem 414 co^ibuten 

Citation: 


Ryan Shenvi 

Chem. Pharm. Bull. Japan 1995, 10, 1621 


Ishli and co-workers (Cftem. Pharm. Bull 1995, 10. 1621) reported photochemical reactions of several a,|^-unsaiurated 
epoxy nitriles, one of which is shown below 



Provide a detailed mechanism for this reaction, accounting for stereochemistry when possible. 


Double anomeric 



^ T ' 





Single anomeric 
stabilization 





Double anoifierlc 
stabilization 
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Contributer: 

Citation: 


David A. Evans 

Angew. Chem. 2000 , 39, 2852 


An example of a generic Baeyer-Villiger reaction is illustrated below. Precedent has established that oxygen insertion occurs 
preferentially between the carbonyl and the more sterically demanding OO substituent (R). A representative set of data is 
provided below. 


O 

1 

R-"^Me 


kR 

0 

A 

0 Me 

major 

R 

kp/KMe 

1 

CH 3 CH 2 

72 

+ CF 3 CO 3 H 


CH 3 (CH 2 ^ 

150 

1 l<IVfe 

□ 

(CH 3 ) 5 C 

830 

- 

K U 

mlnc^* 

PhCH 2 

>2000 


Provide a rationalization for this transformation using three-dimensional drawings. Do not ignore the important 
stereoelectronic issues associated with this transformation. Accordingly, begin by identifying the important HOMQLUMO 
intetBctions. 

Begin by considering the important stereoelectronic components to this rearrangement: 

Illustrated Intermediate 



1. The R|_-C-0-0 dihedral angle mLet be180° due to the HOM□ 
LUMO interaction oR|_-C«o*-0-a 

2. The C-O-O-G dihedral angle will be ca. 60^ due to the gauche 
effect (CRone pairS"^o*-G-0). 

This gauche geometry is probably reinforced by intramolecular 
hydrogen bonding as illustrated below: 


CM 03 

Me I 

-r -MeCC^H ^ 

Me-^ ^CMea X ^ ° 

H-a ^ 


X 


V 


H, 


LJ 

A 

Q-^ -R 



For relevant papers: Crudden./l/?^w^. Chem. fnt EGf2000, 3S 2052-2855 Kishi, Ly/1C5'1998. 72Q 9392 
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Problem 417 Contributer: 

Pibpil-inn ■ 


David A. Evans 

J. Am. Chem. Soc. 2004 , 126, 3634-3638 


An elegant synthesis of (-)-gilbertine has been recently reported by Jireck and Blechert (J.^CS’2004, 126; 3534-^38). The 
pivotal transformation in this synthesis is illustrated below: 








This is the mechanism proposed by Blechart 


start a New Search 
SEARCH PROBLEMS BY CLASS 


Advanced Organic Chemistry Cumulative 


Exams, Chem 206 


select I 


About This Search 

This is the the prinnary search function for the problems database. It is the most specific search available. To begin, select a class from 
the list. The next page will offer keywords with which you may refine your search. The search will then return all matched problems. 


1 of 1 


7/4/2007 10:04 AM 














ANSWERS - CCB Challenging Problems 


http://evans.harvard.edu/cgi-bin/problems/search5_getAnswers.cgi?qn=... 



I>epanin4fnt iit'Chunujilry 
and Chemitai BiuLogyr 
Harvard Univenfily 


htOME 


Challeiigiiig Problems in 
Chemistiy and Chemical Biology 


1 ^ 


PROBLEM ANSWERS ^ 


Problem Answers 


Problem 419 co^ibuten 


Dan O'Malley 

Tetrahedron Lett. 1993, 49, 7853 


While investigating the reactivity of a-diazoketores, Padwa and co-workers ( Te^rahsdran Lett. 1903 , 4^ 7^3) discovered 
the inter^ting reaction of diazoketone 1 under the conditions shown below; 



1 


2 1:1 mixture of 

diastereomers 


Provide a detaiied mechanism for tfe formation of spirocycle 2 . 
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Problem 420 co^ibuten 


Keith Woerpel 

J. Org. Chem. 2004 , 69, 2516 


In the course of their studies of unusual hydrocarlxjns, Myers and ct»-workers carried out the foJlowing transformation (/. 
Org. 2004, 2516). Provide a mechariifl.m. 



The answer is provided in die paper. 
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Problem 421 co^ibuten 

Citation: 


Keith Woerpel 

Organic Lett. 2003 , 5, 3899 


Aube and co-workers studied ihe reactions of azides ^^ilh ct,j^unsaturated carbcjnyl compounds, and they observed some 
interesting products {Or^. heiL 2003,- 5^ 3^99). Provide a mechanism for the following transformation. 



+ 



Me^SiOTf 


0 to 22 
6S% 



The answer is provided in tlie paper. 
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Problem 422 Co^tributer: 

Citation: 


Keith Woerpel 

Organic Lett. 2002 , 4, 3891 


I he foJJoi\ing transformati(.>n is a key step in B£J^eckma^'s synthesis of laurenyne (Gr^, Ldt. 2002,4,3391), ftovide a 
mecharLism. 



The answer is provided in the paper. 
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Problem 428 Contributer: 

Pibpil-inn ■ 


Keith Woerpel 

Organic Lett. 2004 , 6, 1175 


A number of interef^ting transftiTmatitin& utilizing aJkylidene c>'clapropanes were recently reported (M. Shi Lett. 2004. 6, 
1175). Provide a tTlecharLi^;m for the following example. 



The mecharLism is provided in the paper. 
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Problem 432 


Conthbuter: 

Citation: 


David A. Evans 

Organic Lett. 2004 , 6, 1761 


Benzofurans are widespread heterocycles in nature and are common subunits in a range 
of bioiogically active compouncte. An example of a benzofuran having antifungal and 
insecticidal activities is stemoturan A. An approach to the synthesis of this hetercycle has 
recently been reported by Naito(C^ Leit. 2004, 6^ 17^1). The outline of the synthesis is 
illustrated below. Tte reagent employed in Step 2 is trifluoroaoetyl triflate, a strong 
acylating agent. Provide a plausible mechanism for this transformation. 



Stem<^ursn A 


□Me 



->■ Product 


OMe 

COCF 3 


Start a New Search 
SEARCH PROBLEMS BY CLASS 


Advanced Organic Cliemistry Cumulative 


Exams, Chem 206 




select I 


About This Search 

This is the the prinnary search function for the problems database. It is the most specific search available. To begin, select a class from 
the list. The next page will offer keywords with which you may refine your search. The search will then return all matched problems. 


1 of 1 


7/4/2007 10:00 AM 














ANSWERS - CCB Challenging Problems 


http://evans.harvard.edu/cgi-bin/problems/search5_getAnswers.cgi?qn=... 



Depamntent iit'ChuinJ^ilry 
and Oieniiuai BiuLogyr 
Harvard Univendly 


hlOME 


Challenging Problems in 
Chemistiy and Chemical Biology 


1 ^ 


PROBLEM ANSWERS ^ 


Problem Answers 


Problem 433 co^ibuten 


David A. Evans 

Organic Lett. 2004 , 6, 1773 


Clark and co-workers recently reported the highly stereoselective transformation of the(Z) and(E) crotyi ethers iiiustrated 
beiow(0/-^ Lett. 2004, G, 1773-1776). As the authors note, the the iiterature precedents for the prefertBd geometry (exo 
versis endo) are not in universai agreement. Draw out the intermediates and transition states for the rearrangement of 
the (Z) crotyi ether leading to the two princpal product diastereomens. Specuiate what transition state controi eiements 
might be operative to favor one of the two transit ion states and draw the two principal product diatereomers A and B. 



dlastereoselection >955 (A) dlastereoselection >925 (B) 



The results indicate that the endo transition states are preferred for the 
rearrangements of both (Z) and (E) crotyi ethers. Since an analysis of steric 
effects appears to suggest that the exo TS geometry might be favored, the 
intervention of electronic effects couid be playing a roie. if the positive charge 
on the aiiyi fragment is partially delocalized, e ie ct rest at I c effects might favor 
theentoTS geometry. 
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Problem 434 


Conthbuter: 

Citation: 


David A. Evans 

J. Am. Chem. Soc. 2001 , 123, 11829 


Charette and co-workers recently reported a creative approach to the enantioselective synthesis a-substituted piperidine 
derivatives illustrated below (JACS 2001, 123, 11830) The alpha regioselectivities are generally >10:1 while the alpha 
diastereoselections are reported to be >95:5. Provide a detailed mechanism for the overall transformation Provide a 
rationalization for the stereochemical outcome of the addition reaction. Three-dimensional drawings that illustrate 
chirality transfer should be provided. 


O 

1 

Ph"'''^NH 




TfjO. pyr 


TfjO, pyr 


OBn 


RMgX.--78 


a 

A 


Ph-^N 


MejHC 

diastereoseloction 

>95:5 



OTf 


Ph' 


Me.HC' 


pyr 


OBn 


Bupmfacml ft, 5/ Sigmatropic 
Eaarrangammt? ? 


OBn 



Me^HC' 

It appears that rather subtile conformational effects are operating to control select!vities 
between the alpha and alpha' positions I presume that chelate organization is 
important to reaction diastereoselection. In this instance one might propose a 
suprafacial 1,5-sigmatropic rearrangement of the chelated organometal species. Steric 
effects might serve to orient the "R" substituent anti to the isopropyl moiety. 

The use of these types of nitrogen-based chiral auxiliaries was introduced by both 
Meyers and Whitesell, Their applications In metalloenamine alkylation reactions is 
shown below. 


full papers: 


Meyers, J. Org. Chem 1978, 43, 892 
Meyers, J. Am. Chem. Soc 1981, 103 ,3081 
Meyers, J. Am. Chem. Soc 1981, 103 .3088 


1 


N 



base 



Me,HC’ 


The base: 

R-Li; RMgX; R^N-Li 


Majof Product 
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Problem 435 Contributer: 

Pibpil-inn ■ 


Mihael DeMartino 

J. Org. Chem. 1996 , 61, 9169 


While engaged in research involving cyclobutanones, Xia and Moore discovered the following two transformations {1 Org. 
Chem. 1&&2, 57, 3765) Four years iater, the first of these discoveries was empioyed in the total synthesis of the assoanine, 
3 (J Org Chem. 1996, 61, 9168), a biologicaiiy interesting pyrrolophenanthride alkaloid isolated from AmarylMaceae. 
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Problem 438 Contributer: 

Pibpil-inn ■ 


Ryan Shenvi 

J. Org. Chem. 2004 , 42, 4577 


Oshima and co-workers reported ttie Lewis-acid catalyzed transformation of strained tricycio[5.2 0.0]non-3-ene-2,6-diones to 
give, in most cases, a mixture of products {Tetrahedron Lett., 2001,42, 5025). In one case, however, the reaction was both 
quantitative and stereoselective (J Org. Chem., 2004, 69,4577}, yielding the quadracycie shown below 



Provide a mechanism for this transformation. 
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Problem 439 co^ibuten 


Carlos Guerrero 

Helv. Chem. Acta 1977 , 60, 1419 


While studying alkaloids isolated from Afstonia sdiotaris (Helv. Chim Acta 1977, 60, I4i9). Schmid etat. discovered the 
hitherto-unknown indole alkaloid nareline (1), Oxidation (CrOa, AcOH) gave structure 2, termed "oxonareline.“ Provide a 
plausible mechanism for this conversion. 



Provide a plausible mechanism for this conversion. 
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Problem 498 Co^tributer: 

I ibpibinn ■ 


Pavel Nagorney 

J. Org. Chem. 2004 , 5517 


ProdiKte Iron the iodcwlherificatiori (A and B>, when exposed to tuase (DBN>, undergo ditlefent reangr^emenls. 
PlaasB pfovide mactiariam-s IhBl sccourl for toe divergant raadion pattiwaya. 



Your Answer ..-. 

Snider, JOC, £004.5517. 

Snidar Org. Lett. 2003. 451-454 
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Problem 499 Co^tributer: 

I ibpibinn ■ 


Jon Scheerer 

J. Org. Chem. 2004 , 5517 


ProdiKte Iron the iodcwlherificatiori (A and B>, when exposed to tuase (DBN>, undergo ditlefent reangr^emenls. 
PlaasB pfovide mactiariam-s IhBl sccourl for toe divergant raadion pattiwaya. 



Your Answer ..-. 

Snider, JOC, £004.5517. 

Snidar Org. Lett. 2003. 451-454 
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Problem 596 Contributer: 

Pibpil-inn ■ 


Louis Morency 

Tetrahedron Lett 2004 , 45, 6105 


In a recent paper by Morercy and Banriault (7ef, Left. 2004. 45. 6105). the following transformation 
was reported, The series of thermally induced rearrangements afforded the cis decaiin product as a 
single dia stereo isomer in 80% yield. This transformation was reported as a model study for 
eventual application to the synthesis of vinigrol (1) Provide a plausible mechanism for this 
transformation and explain the selectivity 
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^ only product 
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Problem 633 Co^tributer: 

I ibpibinn ■ 


Jon Scheerer 

J. Am. Chem. Soc. 2004, 126, 5364 


Mspp and co-workers disclosed a unique synthesis of allylic amines (J4CS, 2004, 126, 53S4 ) Please provide a 
mectianism for Itie procsss that accounts for the observed Ihe olefin selecbvity. 



2) PhCH2N3, 
irylene, 140 


13.31 



Siaudinger Rsduc^Gn: 

nmhophflh sttsdk st f^roximsf nffregm favored 
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Problem 698 Co^tributer: 

I ibpibinn ■ 


Jon Scheerer 

Organic Lett 2004 , 63, 4691 


Br 



dtstavofed 
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Problem 699 Co^tributer: 

I ibpibinn ■ 


David A. Evans 

J. Am. Chem. Soc. 2004 , 126, 15652 
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Problem 701 Co^tributer: 

I ibpibinn ■ 


David A. Evans 

Organic Lett. 2001 , 36, 1737 
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Problem 714 Contnbuter: 
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David A. Evans 

J. Am. Chem. Soc. 2004 , 126, 13600 


2 


HO 





Co^wBTiign of 2,3 AIotMu CO- 2,3 

^ rteSMqHftei f-w: 

LtelA^SlrlUlod THF Rirup^- 

MTi Liu>iJ 

Mm «nnd4M>v«aH9 mwUi mh 

: ^ 0^ 1. 
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“Ty]W3i| r*tJcfTnii KinfWicKTii: l<>0*qiM.-v iriwrtiyisiilffwoniiini imajufl, NiH, f5.| X;! m X. ici h]- *ln THF wiin .uBrnti w 
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PfiQU|A|Y| 715 Contributer: Noah Burns 

c ^ Citation: J. Org. Chem. 1991, 56, 4006 
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Problem 716 Contributer: 

Pibpil-inn ■ 


Michael DeMartino 

Organic Lett. 2001, 3, 1359 


r 


H2C=S(0)Me2 


CO2EI 



[Note" E = Ethoxyearboxyiat^ 





OH . O 


Optiori’-a {Tetrahedron Letters 1995,36,5603) 



In the original paper, the mechanism shown in Option-2 was first proposed; however, the transformation: A ^ C is 
stereoelectronically unreasonable In Baldwin terminology, this would be a ' disallowed 4-endo-tet ring closure 
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Problem 727 Co^tributer: 

I ibpibinn ■ 


David A. Evans 

Organic Lett. 2002, 45, 2629 


Please provide a mecTianism tor Ihe tollewing transformallon [Org. Letf., ZM2, 4, 2629.), being sure to classify any 
pericydki pnoMsses that intervene. 
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Problem 728 Co^tributer: 

I ibpibinn ■ 


Jon Scheerer 

Angew. Chem. 2005 , 44, 9926 


A necent report has invesligaled the cationic eydizetion of olefins under Lewis acidic oonditions (ACTE,. SiWS, 44, 99 ) 
The fDllowing examples {A-B} are el increasing drflicully and are framed in a specific order. Please provide a 
mecrianlsm lor each case llluslal^. 

Part A: 
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Problem 733 Co^tributer: 

I ibpibinn ■ 


Jon Scheerer 

J. Org. Chem. 2004, ASAP, 


FR 501443 is art immyncjsuppfessant developed by Fujisawa Pharmaoeutical 
Company. Recenlly, b FcirmaJ lotal BynirtsseB al FR 901483 wbb disclosad IIibI 



MeO' 

1 " 
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Problem 735 Co^tributer: 

I ibpibinn ■ 


David A. Evans 

J. Org. Chem. 2005 , 70, 334-337 


fcDiazokelones ane known to ctecompose to carbenes under photodhemicaJ excilation, It has neoentty been ebown lhat 
In presence or imlne^, th^ pholiMj&c^iiiposItion ol diazokobonai^ provide [S-lactams wtlb good diaslaraoDcrntrol 
[JOC, 2IX1&, 70, 334^337). 
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Problem 738 Co^tributer: 

I ibpibinn ■ 


Jon Scheerer 

J. Am. Chem. Soc. 2004, 126, 2194 


In 1&91, FenicaJ and Clardy reported Ihe isolation of eight- 
mem bered lecteneSi vrfiidi were termed edalaotiris. The parent 
member, oetaiadin A [1), wes recently eynlhesized by Holmes and 
00 -workers iJACS, 2004. }26, 21&4). 

Part A. Plda&« provide a imcnarilstn lot ttw iwo-stap 
tMlow that provides Ihe aigrit-mambered ring. Usa ^-D 
lllustratioiKS in ycMjr eKplalnallan. iNstO^ is mty m 
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Contributer: 

Citation: 


Jon Scheerer 

Organic Lett. 2004, 67, 1317 


Hie rapid assembly cf the bieyelof6.3 IJurdecane core of penostalin F was recently reported by Barriault and ooworkers 
(Org. Lett. 20M. 6.1317). In this remarkable transformation dihydropyran 1 is converted to the highly oompleK IricydB 3 
ih only two operatnohs. Please provide a detailed medianism for mis reaction sequence. Be sure to Irrdicate all 
pericyclic reactkins. 


OEI 



C^H^s 


O'eiq'O. 










13,31 



2 (cfiair conformer) 

I 160 


C/Hu 


Diefs-Alder reaciioft 




HOEtO O. 
-0 1 , ‘ 


2 {boat conformer) 
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Problem 740 Co^tributer: 

I ibpibinn ■ 


Jon Scheerer 

J. Org. Chem. 1995 , 60, 3318 


The synthesis racemic tetremelhylmediterraneol B was 


Oms t«train«!thylmedtteftai>eo4 B 





Ring expmsion 
to ^membeted 
cart&cycfe 


OBOh 
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Problem 741 Co^tributer: 

I ibpibinn ■ 


Jon Scheerer 

J. Org. Chem. 1991 , 56, 2523 


Please pfovide a me<^ianism for the lollowing trarsformatkiri t,JOG, 1. S&, 2523). 
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Problem 762 Co^tributer: 

I ibpibinn ■ 


David A. Evans 

Angew. Chem. 2005 , 44, 1221-1222 



I queoeh 



4-;c electrocyclic 
rirtg opening 


Tautwnerization 
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Problem 765 co^ibuten 


Ryan Shenvi 

Organic Lett. 2004, 6, 3191 


Bas^d on the pioneering work of Murai (Of^anomem/y/os 1996, 15. 901) and Fursiner (J. Am. Chem. Soc. 2060, 122, 6785- 
6786), Echavarren and co-workers (Org. Lett. 2004, 6, 3191) demonstrated the interesting sequence of transformations 
shown below 



PtCIs, PhMe, 
8Q 6 h 

84% 



DDQ, 

10:1 CHsCl^iHsO, 
40 "C, 2 h 

60% 



Please show the correct structure of compound A and delineate a mechanism for each transformation. 
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Problem 767 Co^tributer: 

I ibpibinn ■ 


Karl Scheldt 

Organic Lett. 2005 , 7, 515 


Ring expansions can driye reactions to provide interesting products. In recent work by Min bio ie arrd 
ooworkers [O^p. Lett. 2005, 7. S15), the combination of cyclopropane alcohoi C and aidehydes D affords 
the seven membered rings (E) with cataiytic quantities of Lewis acids. Provide a mechanism for this 
process that accounts for the observed cis-diastereoselectivily. 



Mnirpirvd A(L 3 ) slrwn. [iorcfls th? P gjwps 
10 be both oi^uottv^ end £:\i 
to each othar. 
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Problem 768 Co^tributer: 

I ibpibinn ■ 


Karl Scheldt 

Organic Lett. 2004, 6, 3853 


Using dear 3D representations, provide a mechanism for the transformation below. {Cfrg. Lett. 2004. &, 
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Problem 769 Co^tributer: 

I ibpibinn ■ 


Karl Scheldt 

J. Am. Chem. Soc. 2002 , 124, 13399 


fn a recent synthesis of (+)-aspidospernnidine by Marino (J. /Im. Chem. Soc. 2002 , 124. 133&9). a 
highly diastereoselactive transformation was empioyed utiiizing sulfur to afford the v-butypiactone 
product, (shown below). Provide a detailed mechanism for this process and indicate the 
stereochemistry of any newly formed asymmetric centers. HINT; The Zn(Cu) reagent is a 2 electron 
donor that is mi^ed with the trichloroacetyi chloride prior to the addition of the sulfoKide. 
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Problem 770 Co^tributer: 

I ibpibinn ■ 


Karl Scheldt 

Organic Lett. 2004, 6, 123 


Please provide a rationale for the stereoselective synthesis ol cyclic ethers in a single step shown by Sinha 
artd coworkers {Org. Lett. 2004, 6, 1S3). Be sure to provide clear 3D drawing to account for the observed 
stereoselectivity. (Note.' An excess of Bu 2 BOTt (> 2 equiv) ig necessary for the reaction ic proceed.) 


Your Arawer: 



BUjBOTI/ ^-PrjNEl 
CHsDla. -re^c 


JH 

ffi 0^ ■- 


"XXi 

r Ph 

i-PrrNEt 


Z-enolate 

rotmallon 


ZjinrncrrT>an-1r?iKter 
Irsn^ion sljilo 





Ph 


ojiDcarbenium 

lormatior 



Aldi^l r&jcjlon 


i 



Start a New Search 
SEARCH PROBLEMS BY CLASS 


Advanced Organic Chemistry Cumulative 


Exams, Chem 206 




select I 


About This Search 

This is the the primary search function for the problems database. It is the most specific search available. To begin, select a class from 
the list. The next page will offer keywords with which you may refine your search. The search will then return all matched problems. 


1 of 1 


7/1/2007 12:26 PM 








ANSWERS - CCB Challenging Problems 


http://evans.harvard.edu/cgi-bin/problems/search5_getAnswers.cgi?qn=... 



Depamntent iit'ChuinJ^ilry 
and Oieniiuai BiuLogyr 
Harvard Univendly 


hlOME 


Challenging Problems in 
Chemistiy and Chemical Biology 


1 ^ 


PROBLEM ANSWERS 


Problem Answers 


Problem 771 Co^tributer: 

I ibpibinn ■ 


Karl Scheldt 

J. Am. Chem. Soc. 2001, 123, 5144 


The synthesis of tetrahydropyrang is an important goal in access bioactive natural products. In a dislosure 
by West and Marmsater {J. Am. Chem. Soc. 2001, ^23, 5144), the conversion of H to J proceeds with good 
yield in the presence of Cud I) catalysts. Indicate which stereoisomer is lormed and provide a mechanisnn 
for this reaction which includes a rationale for the observed diastereoselectivity. 


Vour Answer: 



Cu^EI] s?lt 
CMaCla 



daHteroowIgctivHy >30:1 
BD% vidid 




^qualorl^l 
BJkyiatlon not 
fayore<1' leads 
to traat-lihe T.5 
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Problem 775 co^ibuten 


Ryan Ashok Shenvi 

Angew. Chem. 2003, 42, 1955 


In a study of the Pd-mediated coupling reaction of 2,3-allenoic acids with w-l-alkenyl halides, compound 1 was formed as 
the major product in 58% yield {Angew, Chem, tnl Ed,. 2003, 42, 1955). When the deuterium labeled substrate 2 was 
subjected to the same reaction conditions, product 3 was obtained in 52% yield. 



Propose a reasonable mechanism for the transformation that explains the fate of the deuterium atoms. 


C 3 H 7 Ph 

0=y PdL„ ^ 


Migratory 
Insertion ^ 


DMF, 
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Problem 779 Co^tributer: 

I ibpibinn ■ 


David A. Evans 

Organic Lett. 2005, 7, 475-477 


Tti& reaction of the Illustrated ene-diyne 2 with sodium azide at BO “C affords the benztrlazoles 2 and 3.(0rg. Lett. 
200&, 7, 475^477, 
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Problem 780 Co^tributer: 

I ibpibinn ■ 


David A. Evans 

J. Am. Chem. Soc. 1991, 113, 8062-8069 


Sanlilli and co-workers reportsd this Lewis acid catalyzed reaction (Santilli etal. 1991,11&D62-e069). 



Please provide a reasonable mechanism forBhis transformabon that includes (be rationalization of the 
stereochemical outcome of the transformation 




Fora recent review of the Nazarov reaction see: M. A. Tius. European J. Cbem. 2Ct05, 2193 


Start a New Search 
SEARCH PROBLEMS BY CLASS 


Advanced Organic Chemistry Cumulative 


Exams, Chem 206 


select I 


About This Search 

This is the the primary search function for the problems database. It is the most specific search available. To begin, select a class from 
the list. The next page will offer keywords with which you may refine your search. The search will then return all matched problems. 


1 of 1 


7/1/2007 11:45 AM 











ANSWERS - CCB Challenging Problems 


http://evans.harvard.edu/cgi-bin/problems/search5_getAnswers.cgi?qn=... 



Depamntent iit'ChuinJ^ilry 
and Oieniiuai BiuLogyr 
Harvard Univendly 


hlOME 


Challenging Problems in 
Chemistiy and Chemical Biology 


1 ^ 


PROBLEM ANSWERS 


Problem Answers 


Problem 782 Co^tributer: 

I ibpibinn ■ 


Ian Fleming 

Tetrahedron Lett. 1972, 895 


ESohImann and Kapteyn treated Ihe ketone with MeMpI ard obtained an unexpected product (Tefra/iHtlror? Lett... 



Account for the formation of this product. 


The it-ctilorokelDfie is SLisoeptiblB te a Favcwskii-like alep B, bscause ttie removal of the proton Irom 1tie phenolic 
oxygai'i A is easy, sottingi up an axtondad anolala. The opanlrkg or Ihe cyclctpropanorH C is also aasy and highly 
fat chemo- and (b) regioselectlve. fa) The cydopropanone carbonyl Is more electrophilic than the other carbonyl 
group, because it is exocyclc lo a str aired ring, and not conjugated, (bj Although cyclopropanohes in Favorsidi 
readions usually open te the tess^bstttuted side, Ihe charge on the more-gubetituted side in this case is largely 
tehen up nr the phenolic oxygen, ard sknulteneoualy the eromalic ring is restored. 

It is possible, bul umikely, lhal the Grlgnatd attacks Ihe ketone beiore cytslcpropariaria lormation, but the 
removal ot Ihe prolon Trom the phenolic oxygon is llitjely to bo last, and coh|ugallon belMoan the phonolate arte 
the ketono carbonyl would mako tho carbonyl group lass afeclrophllic. 
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Problem 784 Co^tributer: 

I ibpibinn ■ 


Ian Fleming 

J. Org. Chem. 1973, 38, 3462 


Primary emiies on irealment with nilroua acid give diazonium ions, The^ readive inlermediates are only isolated 
when the amine is aromatic, With aliphatic amines, the diazonium ion is a readive inlermediate which usually 
undergoes eliminatior or aubslilution reactkinB, sometimes preceded by cationic reairangemeni. Thia was neeult 
With the: primary amina A whan tha raactioi^ was carried out in acidic solution: tha iinsaturatod kolona B was tha 
major product (J.-H. Liu and P. Kovacic, J. Otg. Cftam., 1973. 38, 3462). 



H Me Ma B 4^% 

However, Liu and Kovadc found that, when the amount of acid was limited to one molar equivalent, the major 
product was tha aaluralad kalona C. 



Account lor the lormatton ol tha liatone C. 


The "obvious" mechanism is lor the enol of the ketone to attack the diazonium ion: 



blit there are good reasons to doubt this: 

(at Diazonium ions are reactive, and rgrely have a lilelinte long enough to give the ketone time to er»olise This is 
an illustTBlion of a general observatim, Ihel intermediates are rarely ^ubty activated. 

(bt It doaa not explain why tha reaction is sean only with a llmilad amount of acid, when acid can ba axpected to 
catalyze the formation ot the enol. 

It ia more likely that the diazonium ion is in equilibrium with the diazoalkane D, which will be Icrmeci in higher 
concentration when Che amount of acid is limited. The diazoallkane can nuclecphlllcally altacli the ketone group, 
arvd the inlermediete E urnlergo a 1,2-alkyl shift to give the produd. The reaction ol diazoel Kanes with ketones 
giving inaerticn like thia ia well known; cyclohexanone and diazomethane give cycloheptanone For example. 



D EC 
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Problem 785 Co^tributer: 

I ibpibinn ■ 


Ian Fleming 

Tetrahedron Lett. 1993, 34, 505 


Merajiic ions ere soft electreptiiles, whidh attack alkeres- and even cysloprcpepes. as in line reaclion forming the 
orgBriDmarcury irtermflcliale A: 



Normally ttie mercury is removed by reduction wilti sodium borotiydride in e radical chain reaction, In Ihe case ol 
itie mercury deiivelive A, tiowevier, Sugimurs found ttial on urtexpocled change in coririguroticfi in the 1,3^ioxBr 
ring took place wtian Ihia reaclion was carried out on Ihe mercury compound A. giving Ihe product B ^T. Sugimura, 
S. Goto. K. Koguro. T. Futagawa, S. Misaki, Y. Monmoto, N. Vasuwaka and A. Tal, TeJfafredritwi £.eff., 1W5, 34. 
505). 



Me g Me 


Ejtplain Ihis resull. 


The borebydride creates a merojry hydride, whicb is very susceptible to the formation of a mercury radical. The 
mercury radicel Ihen loees to create Ihe primary radical C. Normally Ihis tvculd rspidly abstract a hydrogen 
atom Item a borobydride ton. lo give a meinyl group and a boron radical which can continue Iho chain roaetton. In 
tills case, tiowever, Ihe primary radical has a hydrogen atom held quite close tc II D. and a 1 ,5-liydrogen atom 
Irensfer gives the considerably more stablized radical E. Afler a change to 1he more stable oonfcrmalion F, in which 
all iha subslitueniB are aquatorial., Itiia now reaclB wilh a boroliydrida ion, with the hydrogen atom approactiing Icr 
sleraoeleclronto reasons trom Ihe axial diraotton. 
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Problem 786 Co^tributer: 

I ibpibinn ■ 


Robert M. Williams 

Organic Lett. 2000, 2, 1661 


Hoffman, etal., reported the interesting ring expansion reaction of azabicyclo[2.2.2]octane3 as shown below. Please provide a 
mechanistic rationalization for this transformation. Note that complete stereospecificity is observed from the two diastereomers 
quincorine and quincoridine; your mechanism should account for the observed stereospecificity. 

(Roper, S.; Frackenpohl, J.; Schrake. O.; Wartchow. R.; Hoffmann. M.R., Org. Lett. 2(HI0. 2, 16S1; Roper. S.: Wartchow, R., 
Hoffmann, M.R., Org. Lett. 2002. 4 3179) 


ANSWER 



II 


quincoridine 


1. MsCI. EtaN, CHaCb 


2. Ul, diox,, 4 

3. AgOBz, MaOH, 60 % 



I.MsCl, EtaN. CHpCIy 


2. Lil. dkne., .A 

3. AgOBz. MeOH. 60 ^ 




Z-*nintum ion 
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Problem 787 Co^tributer: 

I ibpibinn ■ 


Ian Fleming 

J. Am. Chem. Soc. 1981, 103, 7687 


The sullO'Xfde A glv^s me laclone B vaien treated with irlcfiloroacetyl chlorlcte and zint (J. P. Marine and M. 
Melsser. J. Am. Chem. Sec., 1S81. ro3, 76S7>. 

Pti 
I 

CCIaCOCl.ai 
ElpO, rellux, 3D min 


Explain Ifiis result, 

Zinc and an a-clilHoacelyl ctiulde Is a recipe ter malcing a ketene. In mis case dicnierekelane. mis ver y elecbrcphllc 
Intermediale I& attacked hy the oxygen alom ol ITie snltexide to give me zwitlerlon C. A [3,3J-slgma1rioplc 
r&anangemenl otthls intermediate establishes me bond in the Intermediate O, and the charges can now cancel In 
the lormation ol flhe 0-C bond. 



SPh 



B 



FQt a ditlerent conseguenoe trom me reaction or a eulloxide wllh dichicrcketene, see Problem7D9. which comes 
from the same researcTi group. 
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Problem 788 Co^tributer: 

I ibpibinn ■ 


Ian Fleming 

J. Org. Chem. 1970, 35, 570 


In ttie base-catalyzed iaemerization ol Ibe a-hydroxyl^etone A to the enol B ol an fcdiNetone, Ireland found lhal the 
■stereDcheiniBtry b 1 the nvBlhyl-baaring carbon had unejrpEcledly changed (R. E. Ireland, P. 5. Grand, R. E. 
□ItlijsrsQn, J. Bordnei- and D. R. Rydjaski, J. Org. Ctism., 1»70. 35, 570). 



Irelarwt separately prepared the ketone C, >rfiich he had e}<peoted, and loiir»d that Ihts was stable to the 
rsBclion condrlianB. Bearing in mind lhal C was ml an inlermediata, explain bclh hmv and why Ihia 
Isomerization occurred. 


The expacled pathway ba giva Ihe ianmar C waa by enolale tormatian D. followed by repfolonalnn E, Thb might 
hava undergone rlng^penlng and recloaure. The opening can bo drawn as ll 's in F. but It Is eeeonlially 
efeclrocycllc. It can be expected to be conrotatory in one sense In Ihe openlr^ and in the other sense recloslng. 
Evidently Ihe Formation ot the madium-sizeid ring, although raaaanafcle, raquirad more energy than waa availabia. 



Instead, the ring-opening step must have been a reverse coniugate aldol reaction G, followed by its 
Forward reaction H taking plaoe on the other aide ol the six-membarigd ring. Thia ia alsa elaclrocyclio in 
nature, and car be expected to have lakao place in one ccrnotalcry sense in the opening and in Ihe 

olhar s^ns^ in roclosing. Only than doaa Iha saguenca at aitolala tormatian atKl reprctonation similar to 
D and E above give Ihe enol B of the u-diketone. 



Aa to wh/rt takes place' The net nesulf is to relieve the 1,3-diaxifll cla^h I of the methyl grwp with the 
phenyl group in the alarting material and to replace it wilh the laaa aevere 1.,3^iaxial clash J with 
anathor molhyl group, maanwhilo, tha lautomoriism 'Shitls tha daubla borul away tram tha brldgohoad 
and Into conjugation with the lone pair ol electrons on the hydroxyl oxygen. (A double bond at this 

bridgehead is rot especialy unfavcrable, but it is etfectivelv a iTans double bund in a nme mambered 

ring, whoroaa inslda Iho Tiva-mambarad ring it Is a ofs doublo bond within tha nina-mamborad ting.) 
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Problem 790 Co^tributer: 

I ibpibinn ■ 


Ian Fleming 

Chem. Commun. 1995 , 1197 


The sulloxlde A iscMnerlzes lo Ihe mixed aoelal B on li^alment wlDi acid (H. ADe. J. llani, C. Masunan. KasTilrici 
and T., Haiayama, Chem. Commm.. 19*5.1197). 



Explain thi3 result. 

Eleclrophilles react wilTi sulfoxides by setting off a Pummerer rearrangement. In this case, me acid does so by 
prolmaling Ihe double bond, creating a cerbocelion C, end it is this cation that does Ifie job. II bonds to the oxygen 
ol tna SJLillaxide. and ma remaining steps, th eproton loss and tTie nucteopMlic caplura of Ihe cation In D. are man 
characterlsllc of Ihe Pummerer rearrangement. The stereochemistry In tfie llnal slep Is determined by the ring 
closure D taking piece with the methyl group pointing away trom, lowarda the viewer, rather than under the bicyctic 
ring. 



For anolher carbocatlon-lnitlalad Pumnvsrer rearrangement, see Problem 146. and tor more extentslve 
Pummerer rearrangement, see Problems 4i and 769, 
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Problem 792 Co^tributer: 

Pibpil-inn ■ 


Robert M. Williams 

Tetrahedron Lett. 1980 , 21, 4547 


Kahn reporled the interesting pleuramutilin model study shown below (Tefraibedlron Left. 1^90. Si, 4S47>. Propcjse a 
mecheniBrn for Ihs trenBrormBlion ot 1 into 'A" and the mBchBniBm lor ItkB nonverBion of A into 9 and providB the 
slrifctiure Tor A. 

PhS MgBf 

1 .^'-' , i 

_^ A __ 

THF. -78‘<; 2 . KH, THF 

2 HBFq iil776cm-i 

2 



1 
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Problem 793 Co^tributer: 

I ibpibinn ■ 


David A. Evans 

J. Am. Chem. Soc. 1960 , 82, 483-486 


The rearrangemenl oM to 2 was discovered by Rape and Lle<Jitonhan (B&. I90fl, 41. 1278). At that lime, me 
transformalion attracted attention as a conseqkience of Ihe appainanNong-range migration of a methyl group, 
Meinwald and co-WHkors fjCAC^ i960.82, 483) uttinately provided £^or^ experimental evidence tor the mecfianlsm 
ol mis rearrangement 

HbS04 


a cinaniG actd (1) goronic acid <2) 

Provide a mechanism for this transformation and suggest escpcrimenis that might be carried out to suppod your proposal. 


rvfe QPj.H 


CttART IT 



A lerlei uf i,l#pa th« l(w- aod SjbKqlaCiit rEcaptiiie af ctubar. niaiMxxU li siijgittlfTfl ta i4«ih|fll (w iht cftTbravl 

piiup intn-srw chajffccrerisic of Uie daenic util reiLrniJissiL*n.t ([ -► JT'I, This reswtfoa ttutieilrt is tOsU-paiilitre Wittl ad 
^Icr r!^>E«vactoa.-}, aais cm be supported by nnaJodci at CT6r>' sragie, The pa/CidpatiOo ciriiOiii lUjumojclde ia iislrcitea 
by ail *KP4^ent ei wtmh tbe Tean-anienHct, carried out tn, tIm of tatttlS cnrlKjn iDunwiniir, pi'™ c jijr.ificaTitly 

jneld trf pjp'ni? ocid (II J. Reairanxenieiit In tlia n< CMatiekd cmtIwii jaoQixEidc j-iidited labelKl ccrorJE 

acid. Tlw posaihriEitj- t.nat tkin LncDrjwraifon i« dtie to ewthaulSe OF the carbntii'liE cnrboii a£ citler the itarting matejiiF I 
nr the-piwiuct II witb tbe extersoILy frikthOji tiienOtJde i9 excluded br apprapriLtAcnalHiL cxpejeiii 9 c.Li, 
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Problem 794 Co^tributer: 

I ibpibinn ■ 


Robert M. Williams 

J. Am. Chem. Soc. 1966 , 88, 2078-2079 


[>oerirg and Rogenthal reported tt»e imteresting oonversion ol Neriizesjai's hydrcwgrbon (1) to dihydro-ngphlholene (2?. 
ProviclB a mechBnialic ralionBlizalion lor ttiis trarBlcirmBlicin. (FererBnoB: DoBiing, W.v.E.; FoBEfilhBl, J.W.. 
j.Am.Cf]em. Soc. ies6. S3. 207B-2079) 


Atis'iwer: 




2 
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Problem 795 Co^tributer: 

I ibpibinn ■ 


Robert M. Williams 

Tetrahedron Lett. 1967 , 941-945 


Trealmenl ot 6-ajntno-perildllan(c add (1) wtth sodium niinte In aqueous melhanolic HCI, leads to the interesting 
heterocycle, 2.3-(llhvdro-l .4-thaian-3-one (2J. Provide a mechamstic rallonallzatlon. 

(Reference-Sloodley, RJ.Tefra^iwi Lett 19$7, 94i-&45> 


NaMCi2 


MeOH. HCI 

1 

Answer: 




IV' 


■S. Me 
Me 
CO^H 


MaOaC 
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Problem 796 co^ibuten 


Dan O'Malley 

J. Am. Chem. Soc. 1994 , 116, 7616 


In ttieir studies on tungsten carbonyl chemistry. Wulff and co-workers discovered a way to construct all four rings of the 
steroid skeleton in a single cascade {JACS, 1991. 113, 9873, JACS, 1994, nS, 7616). The final step of the reaction is the 
tung sten m ediated red uction of in term ediate A. e 




W(0)L, 



note: these two steps could 
also be depicted by an enyne 
methathesis and GO insertion. 


We 
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Problem 812 Co^tributer: 

I ibpibinn ■ 


Achanta Srinavas 

J. Am. Chem. Soc. 2002 , 124, 3939 


As a pivotal step in the synthesis el ttie Ireshwalet eyaixibsclerial hepatoxin cylindrospermopsin. Weinreb and co- 
workers. carried oul the Following tranBrormalion 2009, i2i, 3009). 



Provide a mechanisin lor the overell Iranslormation end identitv interniediote A. 







i^lvInO^iP 

WeCK'i 

03% 



Ua 



Thd Important oyt^loaddition slop Is the raactlon ol ITie J^uHlnyl molely In a Diels-AJdar raaidlon. Ttils melhiDdolDsy has 
been reviewed by Weinreb {AccChem. ftes. 19M. 2t 313>. 
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Problem 813 Co^tributer: 

I ibpibinn ■ 


Regan Thomson 

Angew. Chem. 2005 , 44, 2259 


The key step in Shair^ total s^thesis c?f CP-£iS 3 - 11 * invutved a one-pol synthe^ ol the bridged bicyclic eyetem 
using a csscade ^guenca initiBled by a GrignBrd additkirt lo a iVkata Bsler. During Ihe nDume al ttiesa studies il 
was lound Itial it ttia raantion at ananliopjre (t-kata estar A waa allawad 1 o pronead al room lemparatura tor 1 ? h 
then the preducJ B was eblained as a single dlestersomar bul as a racamk: mjlxtuita. 








room tempef alure 
12 h 


B 


Using clear ttiree-dimenaionaJ drawings provide an overall mechanism for Ihe transformation sfiown aJbove that 
accounts Tor both iie obsarvad diaslerosalactivity as wel aa Itie lormation al itie produd aa a raoamBie. 


Oh^Br 


CO^Me 



OMger 




/3,3J 





CO^IVfe CObMe 

eary-Cepa , 




The ach'frai 
int&mediate 

At roinn || 

/oftfafiy formal Mg J ^ 

ffilkoxrfe can wirferyo BrMgO ’"OMe 
a cotnfiemiv& 

reartton seguer^ee 
proceedjing fibr&Lrgri- an 
adwrafjnfe/merifate 





Hetroe, racemiicprpdlucte „ 




«£ fsijuiflWiraftan'^ "CC foKy-fJopoiJ 


OMgBr 








R, 


t 


OMgOr 


flnAsfi-AKeterAted '^5'^ 






Start a New Search 
SEARCH PROBLEMS BY CLASS 


Advanced Organic Chemistry Cumulative 


Exams, Chem 206 




select I 


About This Search 


This is the the primary search function for the problems database. It is the most specific search available. To begin, select a class from 
the list. The next page will offer keywords with which you may refine your search. The search will then return all matched problems. 


1 of 1 


7/1/2007 10:27 AM 












ANSWERS - CCB Challenging Problems 


http://evans.harvard.edu/cgi-bin/problems/search5_getAnswers.cgi?qn=... 



Depamntent iit'ChuinJ^ilry 
and Oieniiuai BiuLogyr 
Harvard Univendly 


hlOME 


Challenging Problems in 
Chemistiy and Chemical Biology 


1 ^ 


PROBLEM ANSWERS 


Problem Answers 


Problem 815 Co^tributer: 

I ibpibinn ■ 


Jillian Spangler 

Organic Lett. 2005 , 7, 4589 


As part of a strategy directed towards Ihe syn1l»esis of letradecamycin 0)- Wairington 
01x1 Bairiaull csried owl the ihemiglly mdiuced reairangement of 2 to synthesize the 
Jranfi-decalio &v='1&rn S (GitJ- LbH. SOOS, 7, iSSS)- Ueirig clear threa-dimartsinfial 
drawingfi plaase provide a plausible mechanism rer inis transrcrmalion lhal re in 
accordance with me observed ster-eochemlcal outdome. 





my-Csp^ 





3 


\ 




Start a New Search 
SEARCH PROBLEMS BY CLASS 


Advanced Organic Chemistry Cumulative 


Exams, Chem 206 




select I 


About This Search 


This is the the primary search function for the problems database. It is the most specific search available. To begin, select a class from 
the list. The next page will offer keywords with which you may refine your search. The search will then return all matched problems. 


1 of 1 


7/1/2007 10:26 AM 







ANSWERS - CCB Challenging Problems 


http://evans.harvard.edu/cgi-bin/problems/search5_getAnswers.cgi?qn=... 



Depamntent iit'ChuinJ^ilry 
and Oieniiuai BiuLogyr 
Harvard Univendly 


hlOME 


Challenging Problems in 
Chemistiy and Chemical Biology 


1 ^ 


PROBLEM ANSWERS 


Problem Answers 


Problem 816 Co^tributer: 

I ibpibinn ■ 


Regan Thomson 

Organic Lett. 2005 , 7, 1629 


As pari ol a pf ogram directed toward the synthesis ol the pinnatoxins, Pels and Zaharian repcHled the singto-pet 
canvarsian al suTfone A into cyiclcihexene B (QL, 2005, 7, 1629}- Lking ctear three-dimefiaional reprasenialions 
plaasa provide a donol&o mochanism tor this transtormatlDn and predict the relative otereocheinicaJ outcome. 


Me Me 
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PfiQU|A|Y| Q2.2. Contributer: Christos Mitsos 

c w Citation: J. Chem. Soc. Perkin Trans 1 2003, 68, 9827-9830 


Schobert and co-wofkers recently reported ar intenesling series of events w*ien reacting prenyl ester A urnier the given 
conditions (R. SchnbBrt e# ar, Tetrahadfon Lett. 2001. 42, 4561-45&4; R. Schcbart 0 ^ af, J. Org. ChBfTi. 2003. 68, 9827- 
9830). 



1 Pti3P=C=C=0 
THF, raflujc, 60% 

2, PhMe, 100-^0,65% 

3. Air, 60% 



i 


Please delineate a raticnal machaniam ta convert A into B. 



[1,3] Hstiifi, ;. 
|t automeruBlion, 



05% 



30% 
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Problem 828 Co^tributer: 

Citation: 


David A. Evans 

J. Org. Chem. 1989, 54, 481-484 


Fang and co-wjrkers reported the tolloviing series oftianstbrmat»n5(J. Ofg. Chem. -54, *81-484). 

Me Jt-Pir 


Me' 


t. KCN. HzO 

rt. 2 h icylenes, reflux 



i X' 

'N'^cn 
Ph 

The indicated Ihree-alep process leads Id the praduction of enamine 1. Propose a mechaniam for the overall 
nanfistormallon that ncludes the slnjcture of Intermedale A. 





e“eonjF.oliator|r 

efiectrDc.j'elizaitkiin 




equiv&i^nt 


n-Pr"^ 

© 

’CH 
Ph 
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Problem 829 Co^tributer: 

I ibpibinn ■ 


Regan Thomson 

J. Am. Chem. Soc. 2003, 125, 4990 


The pnenv* gnoup is en essential unit in the Nugiynthesis ol terpene natural produets. Due lo the large number ot nelural 
products that oontain this moiety, methocls for its selective intrcxtuction into molecules are highly useful Loh and 
Cheng have descibed b general regioBBlBclive end highly enBntinselectivB prenylalion of aldehydes, as shown below 
(JtACS 2003. 125,^900). 


0 



ft Aryl, aJkyj 


UH 


OH 



M9 

75% yttM. 



Please provide a generel mechanism For Ihis inlereeling reaction and using deer dineB-dimenskmaJ drawirtgs predict 
the ahsDiule stereochemical outccmc. 
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Problem 831 Co^tributer: 

I ibpibinn ■ 


Mohammad Movassaghi 

J. Org. Chem. 1997, 62, 7950-790 


Kuehne reported an efficient synthesis of the A BCD ring system of strychnos alkaloids via the conversion of the amino diester 1 to the 
tetracycle 2 {JOC 1997, 62, 795Cf-79fiO). Provide a mechanism for this transformation. 


ANSWER; 




+ PhCOaH HgO 


OHC 




BnOaC^N*^ H 



'N COpMe 

H 2 


«ndole 4 miniymi fon k u 

cyclization J 




I 


indole-iminfum ion 
cyclization 


p,3]-sigmatfopic A 
rearrangcrnent j 
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Problem 832 Contrlbuter: Mohammad Movassaghi 

Citation: J. Am. Chem. Soc. 1993, 115, 1676-1683 

The following transformation served as a key step in Paquette's synthesis of {+)-ceroplasiol I f 15., 

1676-1603). Identify the intermediate I and clearly explain the formation of ketone 2 from lactone 1. 


Me 0"^ 
' ' O 



O ^ 1 


CpgTl^^l.AIMea 


THF, toluene 
^0 ^C-^RT 



200 

-► 

xylenes 

61% 

(2-steps) 




Me 

O 




Ttbbe 





[3.3j‘.sigrnatropic 

rearrangement 



i3,3|-sigrnatropic 

rearrangement 


Glatsen-rea rran gement 
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Problem 833 Co^tributer: 

I ibpibinn ■ 


Mohammad Movassaghi 

J. Am. Chem. Soc. 1993, 115, 9293-9294 


Th9 following tranglormation served as a highly effective step in Overman's elegant total synthesis of (-)-strychnine 
(J4CS1993. 115; 9293-9294). Provide a mechanism for the conversion of amino alcofiol 1 to the ketone Z 



ANSWER: 
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Problem 834 Co^tributer: 

I ibpibinn ■ 


Mohammad Movassaghi 

CanJ. Chem 2000, 78, 757-771 


During studies directed toward the total synthesis of spinosyn A. Roush reported the synthesis of the decahydro-as- 
indacene ring system present in tricycle 2 (Carr. J. Chsm. 2000. 78. 757-771). Provide a reasonable mechanism for 
the conversion of laclona 1 to the cartoxy lie acid 2 



KN(SiMe3)a. 

TBSOTf 
THF. HMPA 


-7B-65 *C; 
HCI 

3S% 



(±)-2 



R^Si'feuMe^ — 
R = HA±h2 — 


KNfSiMea)^ 
fBuMe^SiOTt 
THF, HMPA 
-78^65 


tran-^sannular 
Oiels-Aider reactions 


t 



Si’BuMe^ 

t 

H COsSi^M^E 

u K ^ 

[^pl>]-slgifiatroplc 



r&arrang-im^nt 



majrang'eiiiiie-fjri 

_ H 
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Problem 835 Co^tributer: 

I ibpibinn ■ 


Mohammad Movassaghi 

J. Am. Chem. Soc. 110, 110, 3298-3300 


During studies related to the synthesis of ingenol. Funk reported the conversion of lactone 1 lo the siiyi ester 2 
1988. 1W. 329S-330O). Provide a mechanism for this transformation and clearly account for (he observed 
stereochemistry in the product 2 



AMSWER; 



TIPSOTf, Et^N ^ 
El^NH^-TfO- ^ 
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Problem 837 Co^tributer: 

I ibpibinn ■ 


Keith Fandrick 

J. Am. Chem. Soc. 2006, ASAP, 


Taber recently reported Ihe synthesis of siitjstrtuted indoles utilizing the Neber reaction, The reaction shewn below is 
a represen tetivB exemple el the reaction sequence. 2fi0£, 12$, 1058). 



Me 

1) NHgOH y 

2) MsCI, Ihen base PN 

Ph 

A 



Part A. In the space provided show a roasonabte mechanism lor the conversion or Ihe ketone into the intonnedlate 
azirir*e A 

Me Me Me 

IJNHjOH [ 2)MsCl base I 

Ph Ph Ph Ph 

Ojf/me A 




Pert B. In the space provided show a reasonable mechanism for Ihe conversion of Ihe intermediate azirine to the 
corresponding Indole product. 


Me 



Nitrene 
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Contributer: 

Citation: 


Keith Fandrick 

Tetrahedron Lett. 1993, 439 


The mechariism for the subsliMtion of 3-substituted indoles at the C-2 position has been debated for sometime. During 
tHsartticock^ synthesis of Lysergic acid the following obefservalion was made. The starling matarial was derived from 
triptophan and is optically pure. Bui the product of the eyclization was found to be optically inactive (racemic). (Fef. Le^f. 
1993. 439-+40) 

Me 

N—^ 

^C02f-Bu 

OH NfeOI, EtgW. 


EnantiomerKally 

Pune 



Me 

I 


In the apace provided provide a medianiam that ia consiatent with the above oheraervaiions. 

Me 


Me®. 


0:5^'“— Op 


coif-eu 


Opitcally Pure 
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P|iQ|^| 0 IYI 340 Contributer: Pavel Nagorny 

Citation: 


For Ihe process indicated below please use either the [>ewar Zimmerman or FMO analysis to predict wtiettrer isolope 
scrambling is allowed under ItrarmaJ condilions. 


DsG'''^CD 2 


Your Answer 


DjC^^CDaH 


Dewar-ZimnKrmart 


0 o 


0 Phase inveraiona, 

0 elecirons, Huckel Topology, 
Forhiddan 

zero or even fnversiona: 


FMO Analysis 



Slmultaineotis bonding at both termini not possible 
Forbidden 


Part e Using FMO analysis, please predict whether Ihe lollowing cycloaddition is allowed under photochemical 
conditions. 



HOMO of !s in onotg^. 
HencSj i,<i f is itte new HQMO 


Using the raised HOMO of the cabon 
with Jhe LOMO of the diene the 

same answer. 



LUMO 


HOMO 
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Problem 851 Co^tributer: 

I ibpibinn ■ 


Regan Thomson 

J. Am. Chem. Soc. 1948, 70, 4216 


Woodward and coworkors reported tt»e following base-promoled conversion of tJ-santonin into potassium sanlanoale 
B3 pari of a dassic natursl product slruclural daterntinalion IMS, 70, 4216). In fha space- below please- 

provide a concise mechanism ror this iilriguing rsarrangenient. 

Hint: Wofk on irte analysis ot this trsnstormaJlon bi-atfecttonatiy. 
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Problem 853 Co^tributer: 

I ibpibinn ■ 


David A. Evans 

Organic Lett. 2006, 8 , 95 


The following cascade reaction lo conven a linear precursor into a complex tricyclic slructure was very recently reported 
iOrg. Left. 200$. 3, 05). In the space below please provide a detailed mechanism for this reaction, Be sure tc account 
for the cbsarved slerochemical catcome and to dearly label any paricydic prcce’sses. 




eyei&sddrnm 
igftete tntftsithn sfsfe 


Start a New Search 
SEARCH PROBLEMS BY CLASS 


Advanced Organic Chemistry Cumulative 


Exams, Chem 206 


select I 


About This Search 

This is the the prinnary search function for the problems database. It is the most specific search available. To begin, select a class from 
the list. The next page will offer keywords with which you may refine your search. The search will then return all matched problems. 


1 of 1 


7/1/2007 12:38 AM 










ANSWERS - CCB Challenging Problems 


http://evans.harvard.edu/cgi-bin/problems/search5_getAnswers.cgi?qn=... 



Depamntent iit'ChuinJ^ilry 
and Oieniiuai BiuLogyr 
Harvard Univendly 


hlOME 


Challenging Problems in 
Chemistiy and Chemical Biology 


1 ^ 


PROBLEM ANSWERS 


Problem Answers 


Problem 854 Co^tributer: 

I ibpibinn ■ 


David A. Evans 

Organic Lett. 2005, 7, 5785 


Snapper and oo-workers have recently ideritified a mid.. Lewis acid-mediated fragmenlation c?f cyctobutane-conlaining 
adducts, as a rapid entry into hicycla[5.3.01dacarB ring systems (Oip. ieti. 2)003, 7, 57fl5). They also noted Itial ttie 
slereoctiamical outcome ol tne acid-mediated iragmenlalionts in sudi systems is ccmptementary to Ihs oftsarved 
lltermal ring expansions. 

Part 1- Please provide a plausible meebaniam for the followipg Lewis acid-medialed transtormalion. 




, Tswtwnefwaiitwi,- 
LewisBdtiffissocisihn Oa 

O' 



,H CCiOCHa 


cjxitohepferfui caft'ofl 
wilfi dflyirf s(dPii?zatit)fl 



Part 2; Propose a mechanigm that ratioriaiizea Ihe oomplementry stereochemical oulconre of the following thermal 
rsatrangemenl. 
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Problem 855 Co^tributer: 

I ibpibinn ■ 


David A. Evans 

J. Am. Chem. Soc. 1990, 112, 3093 


As part of a study diected towards the synthesis ol the natural product Hyedazole, Danheiser and ooworters 
developod a clever route to Itw synthesis of complex fused polycyclic alructuree (JAGS'“t&SO. ) 12 , 3093). Please 
provide a mechanism for the following rearrangement. Be sure to lafiel all relevant perIcyclic rarrangements. 
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Problem 856 Co^tributer: 

I ibpibinn ■ 


Meredth McGowen 

Organic Lett. 2005, 7, 5921 


Barriault recently published the following Lewis-acid mediated reaction cascade as a strategy to rapidly assemble highly 
functionalized bicj^loalKanories iOrg Lett 2£)06, 7, 5921), Using dear SD represeritatious, please provide a mecharism 
Ibat includes, a rationalizatiDT for the retalive stereochemistry observed in the product. 
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Problem 857 Co^tributer: 

I ibpibinn ■ 


David A. Evans 

Angew. Chem. 2006, 45, 249-252 


The folio wng photochemical reaction was used by the Baran group 
to canalnjct The cna ol itie natural producl scepirin (j 4/EE, fOOfi, 45, 
249 - 252 ) . 




In ihe space below please provide a reasonable mechaniam for Ihis powerful, muliislep Iranaiormalicn. 
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Problem 861 Co^tributer: 

I ibpibinn ■ 


David Lin 

Organic Lett. 2006, 8, 601-604 


While cteveloping a route to the synthesis ol Erythrina alkaloids, Padwa and colleagues encounlefed Itie following! 
IransfonTiatiora (Org. Lett. 3006. 5, 601-604). 
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Problem 862 Co^tributer: 

I ibpibinn ■ 


Ryan Shenvi 

J. Org. Chem. 2006, 71, 2417-2423 


Alberto BrarKli and oo-iwrkera recently reported the rearrangement ot isoxazolidines 1o enanliopure irKlolizinories byway 
ontkB ctumistry at halDmelhylcyclDprapanes [J. Org. 2006. 7i, 2417-2423). 



1. MeOzC 

rBuO. 


0© 

CHaCIa, rt. 5-6 d 

2. DMF. EtaN, 80 =C, 96 h 
80% 


dellrisate a mechanism to arrive at tba tinal prodiict. 



t6u0. 



00 




[eycUzaton) 
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Problem 866 Co^tributer: 

I ibpibinn ■ 


Karl Scheldt 

J. Am. Chem. Soc. 2005, 127, 17921 


In tha total synthesis of Amphidinolide P (J. Am. C/iem. Soc. 2005. 127, 17921-17937), Trost and coworkers 
employed the Bestmann reagent (A) to synthesize the shown alkyne. Provide a mechanism for this step. 


0 


TBSO 


-Ah 


A 


NaOMe 



Your Answer 


A 



©O'-^O 

TBSO— 


Me 



OMe 




nO® 

Ok i ^ 

^7P{0Me)p 


PRODUCT 



lAiyidere carbene 
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Problem 869 Co^tributer: 

I ibpibinn ■ 


Karl Scheldt 

Angew. Chem. 2005, 44, 3485-3488 


Floreandg and ca-work^rs, in their synthesis otthe anti-cancer natural product (^i-l-dactylolida, earned out the 
folio Vising step (j4n^eiv. CJ^em. int. Fd. 2005. 44, 34S5-34aB). Please provide a mechanism which 
rationalizes the observed stereochemistry. 
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Problem 870 Co^tributer: 

I ibpibinn ■ 


Karl Scheldt 

Organic Lett. 2004, 6, 1481-1484 


Booker'Milburn and CQworlters havadisdos^d the following noute to o^efane^from alkoxy-subs^ituted 
maloimides {Oiry. Left. 2004, ft 1431-14S4). Please provide a mechanistic pathway leading to the major 
product. HINT 1: Consider the amide bond resonance structures of the starting material. HINT 2: Your 
mechanism should include a Norrish type II cleavage. 
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Problem 872 Contributer: 

Pibpil-inn ■ 


Jeremy Richter 

J. Org. Chem. 1993 , 58, 5699-5701 


In examining ttie chemistry of the of chiorobicycloocianoae shown beiow, the authors discovered several unique 
rearrangements (J. Org. Chem. 1993, 58, 5699 - 5701). 
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Problem 874 Co^tributer: 

I ibpibinn ■ 


David A. Evans 

Organic Lett. 2006, 88, 2957-2960 


Trealment of sarcnphytonide ¥vith TM SOTf aflordad itie 
illListrated aromalic ketone as an unusual cydizatien product 
Ofir. Lett 2006, 0, 2957-206D. 

PlDvide a mectianism fur this transrormalion. 




Earcophytajtida 


60% ee 


The first alep is an epovida-kalorie raarrangameiKt which tha 
authcHTS conclude Is non-sterep®pecllic (Eq A and B). The 
subsaquent steps are illustrated in Scheme 3 below aa 
provided by the authors. 


Sicbrair J 



FtriJlkxi A 
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Problem 875 Co^tributer: 

I ibpibinn ■ 


David A. Evans 

Organic Lett. 2006, 88, 3195-3198 


Burnell and Thornton have recently disclosed the following base induced translormation {Org. Lett. 2006, 
S, 3195-3193). The structures of both products were secured by X-ray anaiysis. 



H H 

major product. 33% mltnH product. 6% 



Please provide a rational mechanism ieading to the major and minor products. 




No Gtjaenred rearrangement. Fnc?m this corrtrul expermerit, 
Ihe authcHS conclude lhal an anionic ojryCofie reafransremerit 
is not involved. WtiilH Itiis exparliemt is suggestive, it doaa not 
rule out the Copd optioni since ine ccnjugeted =0 in 15 will 
have a large impael on the rate ol the Copa prooasi. DAE 
belreves to be the case In this Instance. For example, see the 
idlcwing publication and Ihe ca3e reported by Ehair. prob. &13. 


"Fteglospecific Qulnone Isoprenylallon. Examples of flemarltably Facile [3.3] SIgmatropic Processes," Evans, D. A.; Hoffman, J. M. 
1&83-13S4 


PrQblem 91S Shair et al Angeiv, Crtemfe, fTf. Erf, 2005. 44, 2259 

Thn ilop in ShiJr's total ^nthesis qT CP-flSS-llJ. inwtdwBd s cno-pcC sjnlhBsra dT ihe bridgod bit^Ec system 
using a cascada SBquenm inrtiaiDd by a Grignard addiliDn ts a ji-kolD ester During Ihe course aF these Eludes il 
wastixind Ihal i the readinn of mandapure [i-kdlD A Mas allowed ba preoaed at taom lemperature Tar h then 

the prsdLCI B wa^oblaned ^^.ii EnglediEwle^iiecnier but ete r ntcetTifcm^iins. 




r-som iwmiwrature 
iSh 

pttfintfpyturtf msB/nfe 

Using dear mree^UntariaiQnal drawings provkla an overall meotianfem ronhairahslbrfnatinn shown above that 
aeeeunlfi lor bolh the observed diasieroeeleotivky as vnll aa ihe Fa-imailDn oF ihe produci ae a raoemale. 
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Problem 877 co^ibuten 


Karl Scheldt 

J. Am. Chem. Soc. 2006, 128, ASAP 


Gin and coworkers {JACS 2006, 128. ASAP) recently reported the following set of transformations during the total 
synthesis of the anti-Leukemia alkaloid (-)-deoxyharrington, Provide the mechanisms for the following series of reactions, 



1. LiAIH4, HN(CHMe2)2, 

THF, 60 88% 

2 3-chloro-2-cyclopentenone, 
EtgN, THF, 60 64% 

3, Cs^COa, 1,4-dioxane, 

100 "C, 67% 


1. UAIHj, HN(CHMee)2, 

THF. 60 88% 

Reductive Neber Rearrangement 
NH 





Cl 



2.3-chloro-2-cyclopentencine. 







Cl 


© 

EtgN-H 


c 

©O 





Reduotive Neber Rearrangement 

Kotera Buff. C/iem, Soc. Jap. 1973, 46, 934 
H 2 

LiAIH, 

R'^CHs 


(b) Alternative Mectianism 




N H 

II 1 



. > 

LiAIH4 

HN 

1 


-Hs *" 

A 1 

CH 2 

r 

R 


> 

R 


0 


H ^1^2 

LiAIH4 ^H a-elim. iT^ «nsert.on n hn. 
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Problem 878 Co^tributer: 

I ibpibinn ■ 


Jun Shi 

Synthesis 2006, 2058-2096 


While developiig a synlhelic route lo 4-nuoropyTidir»es. Ulridh Witimann and Colleagues eooountered the following 
trsnsramiBlion 205S-2l>96). 


F 



PhgP, ecu. Eighl 
MeCM, n, 16 h 


X 


decaliri 

air. 160 "C, 20 h 


F 



Ri 

Ra 


Ri^H. FE=Ph. fls=Ph 


Pl^a£« pnaulda a r^asonahl^ aia^anlsm lor mis sal ol traosroimatlons and Idantiry X. 



lrrtirjif[icil#eular 

•Cy£Edpr@pi>Riliii3ii 
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Problem 895 Co^tributer: 

I ibpibinn ■ 


Moritz Biskup 

J. Org. Chem. 1986, 5J, 212-217 


In studies directed lowand the syntheses ef terpenes, G, Magnuseen el at investigated the preparation 
unsBlurBted cyclopefilBrals from six-member^ precursors (J.Org.Chem. 1986, 5f, 212-2t7). The raaclian wbs 
Studied in detai and tha postulate mechanism rabonalizes tha observed prcdud rcrmatlon. 



iii. UBr, 
TMU. 
toluene, A 


Me 

Ct- 

OHC CHO 

- 30% ; 70% 


Please provide a plausible mechanism for the formation of the indicated products 
D 


^ OLi 1 





0 OLi oh OOC OH 

t II 

ur. OH 

y./ LI6r I Br 


° D OLI <J 
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Problem 897 Contnbuter: 

i ibpibinn ■ 


David A. Evans 

Chem. Commun. 1971, 533 


T^le following bromoadamantane reaction with propargyl alcolwl lias been reported (Cnem Commun. 1971.533J. 


HC = C-GH20H 




ProvidB a mBctianism for the reaction illustreled in tbe space belaw. 

iC* “ iQr-*®-, iQ®."" 


1 

HCSC-CHjOH 




iOW:; —iQ- 4 -" — 
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Problem 904 Co^tributer: 

I ibpibinn ■ 


David A. Evans 

J. Org. Chem. 2006, 7i, 816 


The quinolinore synthesiE depicted belcfw was recently reported by Alaiarfn and caworkem (J Qrig ChafT} 2006, 7f, 
ei26-ai3i9). Please provicle a mechanism tor this transformabon. 



Tandem Pseudopericyclic Reactions; [1,5]-X Sigmatroprc Shi1t/6rT-Eleclrocyclic Ring Clcraure Converting W-C2- 
X-Carbonyljphenyl Ketenimlnes Into 2-X-Oiilnoiin-4(3/Tl)*ones. Alajarin, M.; Ortln, ML-M.; S^nchez-Andrada, 
p.; Vidal, A. J. Cftem. 2006 , 7?, ai 26-8139. 
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Problem 905 Co^tributer: 

I ibpibinn ■ 


Pavel Nagorny 
SynLett 2006, 14, 2191 


In a recent report on stuoiesdlrocled toward line synrtriese of line clad»eHins (Clark ef si. 
Sjfliteff SOW, tA, Si&i) Ihe depleted Iran^formations were Lised to oonstruol the 
macrocyclgi ol lltophynin E. 

Explain the formatior □! B from A and C from B bj *avnng a mechanism For thesa 
liansformalions. 


CufhfaeacJj ^ 





Litoptiynin E 
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Problem 907 Co^tributer: 

I ibpibinn ■ 


Hyun-Ji Song 

Organic Lett. 2004, 6 , 1869-1871 


In 2<104, Feldman and coworter published a oonstruclion of3.3-spirosubs1ilutedoj(indole3. (Of^ Lstt. 2M4, 6,1369- 
1371). ProuidE the reaction mechanism snd use it to predct the product relslive stereoctiEiniSitiy. Explain ttiE origins of 
dia&tereoselectivity using clear 3D rkawings. 
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Problem 909 Co^tributer: 

I ibpibinn ■ 


Christian Markert 

Angew. Chem. 2004, 43, 1702 


Tu el a/, reported the tollov/ing useful coristrucion lhal could be used f&r a diaslefeoselecllve generation of the 
illustrated bicydie structures quartemarv stereocenlers. (ACirEE2Q04, 43 , 1702). 


1.2 equiv. 


dichloroetbane, 

rt,6-l8h 


Please predict stereechemisiry of ihe product aod provide a meeftanism that woiild support your predictioris. 
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Problem 913 Co^tributer: 

I ibpibinn ■ 


Mathieu Lalonde 

J. Am. Chem. Soc. 2006, ASAP, 


The transtonidatioo depicted belowwas recenlly reported by Rovis and coworkers (Epstelri, O. L.; Rovis, T. J. 
Chem. 2D0B, ASAP). Provide b mechanism for this IranB-fiormaticn ihsl Bccounts for the observed 
dlastereoselecDivity. 






TMS 


1) TMSOTf (1.0 Bquiv), -45 ^C, 30 min; 
TrOH {2.0 equiv), -45 "N 0 "C, 40 min 


MeCN 

2) NaHCOgi^ quHrch 



80-^ yield i 

87 : 3 dr CMfls 




7 




Kirtelic 
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Problem 915 Co^tributer: 

I ibpibinn ■ 


Karl Scheldt 

J. Org. Chem. 2006, 71, 1581-1587 


Ovennan has been a major conlribulor in the fieW sf caibocation chemistry. In 2006, he observed that the iollowirtg reaction 
praceadad with complele relenlion of absaluta conliguralion Og. Chem. SAD6. 7i, 1581-1507). Pfaaae provida a 
mechariam far Ihia traralDfmalion which inclLidaa 0^dimeraional almcturaa ard a ralionala for lha sleracchamical outcame. 
suta to labal all paricycllc 



iNOTUCE: The TIPS grmjp 
has to ba ajdat IdO minimtra 
Strain In vne syslsm 
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Problem 918 Co^tributer: 

I ibpibinn ■ 


Karl Scheldt 

Organic Lett. 2006, 81, 5645-5648 


Alajarin and co-workers Lelt 200&, 3. 5645-5^483 dlscovefed when me following ketenlmine is heated in toluene, a 
cyclizalion oocurs, Please provide a detailerl mechanism for this transformation Be ajre to lahet all pericyclio processes. 



Start a New Search 
SEARCH PROBLEMS BY CLASS 


Advanced Organic Chemistry Cumulative 


Exams, Chem 206 




select I 


About This Search 

This is the the primary search function for the problems database. It is the most specific search available. To begin, select a class from 
the list. The next page will offer keywords with which you may refine your search. The search will then return all matched problems. 


1 of 1 


7/1/2007 12:12 AM 








ANSWERS - CCB Challenging Problems 


http://evans.harvard.edu/cgi-bin/problems/search5_getAnswers.cgi?qn=... 



I>epanin4fnt iit'Chunujilry 
and Chenutrai BiuLogyr 
HarvarJ Univendly 


hlOME 


Challeiigiiig Problems in 
Chemistiy and Chemical Biology 


1 ^ 


PROBLEM ANSWERS 


Problem Answers 

P|iQ|^| 0 IYI 922 Contributer: Karl Scheldt 

Citation: 


Campluor i& prong lo rgarranggmgnt wnen gxpnsgd to acid. Campluorsullonic acid 
(CSA), whlcn Is a ocmincn raaggnl In organic synthgsia, la ronmad wrtwn campnor ^ ^ 
is treated sulluric aad ar>d sultur trloxlde. Please provide a mechamsm usliag a- 
dimensioral structures 

Mb 


SOj 
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Problem 923 co^ibuten 


Karl Scheldt 

J. Org. Chem. 2007 , 72, 1379 


Takeda and ooworkers recently reported the following fornnal [3+4] addition for the synthesis of 7-niembered ketones {J. 
Org Chem. 20*07, 72, 1379). Please provide a mechansim for the generation of the product 




I.NaHMDS 


2, aq, work-up 







Silyl- 

transfer 



[3,31 

anionic 

oxy-Cope 



aq. work-up 


product 


start a New Search 
SEARCH PROBLEMS BY CLASS 


I Advanced Organic Chemistry Cumulative Exams, Chem 206 ▼ | select | 


About This Search 


1 of 2 


6/30/2007 11:09 PM 














ANSWERS - CCB Challenging Problems 


http://evans.harvard.edu/cgi-bin/problems/search5_getAnswers.cgi?qn=... 


This is the the primary search function for the problems database. It is the most specific search available. To begin, select a class from 
the list. The next page will offer keywords with which you may refine your search. The search will then return all matched problems. 


2 of 2 


6/30/2007 11:09 PM 



ANSWERS - CCB Challenging Problems 


http://evans.harvard.edu/cgi-bin/problems/search5_getAnswers.cgi?qn=... 



Depamntent iit'ChuinJ^ilry 
and Oieniiuai BiuLogyr 
Harvard Univendly 


hlOME 


Challenging Problems in 
Chemistiy and Chemical Biology 


1 ^ 


PROBLEM ANSWERS 


Problem Answers 


Problem 926 Co^tributer: 

I ibpibinn ■ 


Karl Scheldt 

J. Am. Chem. Soc. 2007 , 129, 3794 


Generally, transition metal catalysis is used for the addition of an N-H group across a pi system 
[hydroamination). However. Borhan from Michigan Slate very recentiy reported a method to perform this 
reaction with no metal using a Bronsted base (JWCS, 2007, 129 . 3794-3795). Please provide a 
mechanism for this reaction. 
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Contributer: 

Citation: 


Karl Scheldt 

J. Am. Chem. Soc. 1996 , 118, 4492 


The My-eis group published the following stereospecilic synthesis of allenesfrom propargylic alcohols (J. 

Chsm. Soc. 1996, f 13, 4492). Please provide a mechanism for this transformation that accounts for 
the stereochemistry of the product. 



-ArS02H 


’/no 




Ottrtr products Tormwl 

PhaPO.ArSOaH, 

pOpEt 

HN-WH 

EtOsC'' 


-Nj 


’'walk" 


23 X 


pO^EI 

HN-NH 

EtOad 


wy«^ric#e is m s m^rnsr ^ros^ the eerne 

face of the alkyne hue to cp/icertecf pericyctie process 
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Problem 932 contrlbuter: Thomas Maimone 

Citation: 


During Itieir studies dinected toward ihe total syntti^is ol welwitindolinorre A, Ihe Wood group observed Ibe lormatiop 
ol an unusual aromatic beteroc^^de (Ci^HaiMu) after removing the siyi prolectirg group of 1 (Sarah Reisman thesis, 
2006 ^. 



Propose a slnucture for Ihe unknown heterocycle as well as a mechanism for Hs fonmallon. 
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PfiQU|A|Y| 933 Contributer: Karl Scheldt 

Citation: J. Am. Chem. Soc. 2007 , 129, 2112-2119 

Louis Barriauh is well known for orchestrating cascade reactions Here is an example Irom a recent paper 
(J. Am. Chem. Soc. 2007, 129, 2i 12-2119). Please provide a mechanisnn with 3-diinensional structures. 
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Problem 936 Co^tributer: 

I ibpibinn ■ 


Karl Scheldt 

Organic Lett. 2007, 9, 873-874 


Snider and co-workers recently completed a formal synthesis of (±)-polygaloljdes A and B {Org Lett. 2007. 
9, 673-874). The main bond forming reaction forms X, which upon treatment with aqueous base, afffords 
the core structure of the polygalolides Please provide the structure of X and a mechanism for its fomiation 
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Problem 939 Co^tributer: 

I ibpibinn ■ 


Paul Krawczuk 

J. Chem. Soc. Perkin Trans 1 1993 , 585-587 


While wofking on OKa-analowses of the plant growtti-promolirg agent helminlhosporal,. Bafbosa and oowort.ers 
enoa jnlered an urwupEcled rearangemenl whan Ifwy Irealed Itie bicyidic alkene below with chlorosulfonvl feacyanata 
(CSIHJ- CfrafTT. Soc. Perkin Trans. 1 1W3 5&5-5&7)- 


o 

II 



-S-IM=G=0 

II 

O 

© 

DCM . RT 

6 days 

3 equrv. 


10% NaOH 



wnrkup 



S-hydroxypbellandrai 

major product 
( 20 %) 
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SEARCH PROBLEMS 


Advanced Organic Chemistry Cumulative Exams, Chem 206 


Problem 10 


Contributer: David A. Evans 

Citation: Organic Lett. 2000 , 2 , 1903 

Keywords: Addition 


Take da and co workers have recently repo lied the mechanistically interesting hng extension reactionillustmted below 
{Org.Lett. 2000,2, 1903). 




Provide a plausible mechanism for this ti’ansfoimation in the space below. 
Igyme the steieochemical aspect of this ttmisformatioii 


Problem 12 


Contributer: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 2002 , 124, 11600 
Addition 


An elegant synthesis of pareiti’opone (5) was recently reported by Feldman (/. Am. Chem. Soc 2002, 124, 11600). The fii^t 
reaction was staged by the genemtion of the iodoacetylide 2 vdiich was treated with LiNR 2 without puiification to fomi 
intemiediate 3 which was immediately ti’ansfoimed into the dihydro-pareiti’opone (4) in with KF and alumina. The 
synthesis of 5 was com pleted by air oxidation of 4. 


OTIPS 




X = SnBUg 
X = l(CN)Ph 


1 

2 


TIPS= Si(i-Pr)3 


Intermediate 

3 


KF/AJumina 

57% 



Provide a plausible mechanism for the conversion of 2 to 4 and identify the sh’ucture of iittennediAte 3 l 


Problem 14 


Contributor: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett. 2001 , 3, 1865 
Addition 


The following carbonyl addition reactions were recently re ported by Bailey (0?-g, Lett. 2001, 3, 1865-1868). Rationalize the 
oiigin of reaction diastereoselelctivity for this addition process. 
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Problem 16 


Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 2001 , 123, 9696 
Addition 


The lie action ill us h’ated below was iiecentiy reported by Muny and co-workers finm the Merck Process Group 
(/j^CS 2001, J23, 9696-9697). Provide a mechanism for this ti’ansfomiation in the space below. 




1 (used as catalyst) 



10mol%1 


EtgN, CHsCIs 
35 "C 



Problem 18 


Contributer: David A. Evans 

Citation: Organic Lett. 2001 , 3, 1181-1183 

Keywords: Addition 


The following transfoimation was recently reported by Rodriguez (0?g, Lett. 2001, 3, 1181-1183). 



Part A What is the structure and function of AIEN in this reaction? 

PartE Provide a mechanism for the illustrated rearrangement(s) of A to E. Where stereochemical issues are present, 
provide clear three dimensional dravdngs to support your answer. 


Problem 21 


Contributor: David A. Evans 

Citation: 

Keywords: Addition 


The Von Richtei reaction is illustrated in the accompanying 
equation. Please provide a plausible mechanism for this 
ti^sfonnation taking into account tiie following obsei’vations. (a) 
If ^^N-labeled KCN is used, the N 2 foiined is half labeled; (b) 
B-bromo-benzonitiile does not fomi S-bromo-benzoic add under 
the reaction conditions. 




N2 


Provide your answer in the space below: 


Problem 22 


Contributer: 

Citation: 

Keywords: 


David A. Evans 

Chem. Commun. 1983 , 384 
Addition 


An interesting example of the Ritter Reaction was repaired some time ago by R. V. Stevens Comm. 384 1983). The 

relevant process illusti’ated below afforded an effident tvra-step synthesis of makomakine. In contemplating this 
ti^sfoimation, view Hg(2-i-), to be functioning as a catalyst in the production of X. 


IVle 



cat Hg(N 03)2 

->■ 

CHoQo, -30 



In the space below, provide a mechanism for the illushated twchstep tiansfoimation and identify the stixicture X. 


Problem 24 


Contributor: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 2000 , 122, 9556 
Addition 
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Sarensen and coworkers recently repo lied the synthesis of (-)-hLspidnspeimidin (Sorensen/, Am. Chein. Soc. 2000, J22, 
9556). The Sliapiio Reaction, along with methodology developed by tAHaitesell, was use in the CDnstnjction of 
intennediate 3 h’om the indicated building blocks 1 and 2 (eq 1). 



2,4,6-tr i iso pr 0 ^ ben zene- 
sulfonvl hw^azine, 

HQ. CHgCN, 75% Intermediate ^'^^1 (2.05ecpiv) 

1 -^ A ** 



Intermediate 

B 


MgBTs. -78-^C 
then add 2 


55% 





CHs 

(eq 1) 

'■Chfe 3 



Part A. Provide a mechanism for the Sliapiro Reaction of 1 to intennediate E in the space below. Feel free to use a 
simplified analog of 1 such as ^2-dimethylcydopentanone to answer this question. 

PartB. Provide a mechanism for the transformation of intennediate B to the illustmted product S. Use 3-dim ensional 
representations to illustrate the stereochemical aspects of this individual step. 


Problem 27 


Contributer: David A. Evans 

Citation: J. Org. Chem. 2000, 65, 7303 

Keywords: Addition 


Chiral amino alcohol 1 efficiently mediates the addition of di ethylzinc to aromatic aldehydes. While a number of other 
amino alcohols are also effective in controlling the absolute course of the addition process, this amino alcohol has been 
the focus of a recent computational investigation that addresses the preferred transition state geometiy for this addition 
process (Peiicas, et al. /. Org. Chem. 2000, 65, 7303 and references dted therein). It should be noted that while lis not the 
actual catalyst, it is modified under the reaction conditions to the competent catalytic agent. 




0.06 equiv 1 


Et23i, O-^C 
toluene 



97% ee 


Provide a detailed mechanism for the overall transformation in the space below. Use three-dimensional representations to 
illustrate the absolute stereochemical aspects of the indicated transformation. 


Problem 29 


Contributer: 

Citation: 

Keywords: 


David A. Evans 

Chem. Rev. 1995, 95, 1293-1316 
Addition 


In his seminar at Harvard on April 17, 2000, Professor Panek described a number of di as tereo selective transfoim ations 
based on chiral allylsilanes. One such transfoimation is provided below. 



■^CO^Me 


aiVle^Ph 


BF3(OEt2) 

->- 



-tlVleOSIMe^Ph 


syrii^nti dastefeosefec^cm 2-40:1 


Part A. Provide a detailed mechanism for the illustrated transformation in the space below. Use three-dimensional 
representations, vdaere relevant, illustrate the stereochemical aspects of the individual steps. 


Part E. In principle, both s)fn and anti product diastereomers are possible. In the space below, rationalize the 
preference forsyr^ reaction diaste re os election from both allyisilane geometries. Use an tipeii planar transition states. 


Problem 31 


Contributer: 

Citation: 

Keywords: 


David A. Evans 

3. Am. Chem. Soc. 1999, 121, 9726 
Addition 
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In the Panekleetuiie he deseiibed the transfoimatiGn illustmted below. This ti^sfnimation is an exh’apdatiQn of the 
recent publication of MacMillan and cn-woikei’s {JACS, 1999, 121, 9726). 


SIMe^Ph 
+ 



0.5 equivTia4 
i-Pr^NEt 
PhCH(0Me)2 


OMe 



Provide a detailed mechanism for ihe illustrated ti’ansfonnation. Use three-dimensional representations, where relevant 
to illustrate the stereochemical aspects of the individual steps. 


Problem 32 


Contributer: 

Citation: 

Keywords: 


David A. Evans 

Tetrahedron Lett. 1984, 25, 5739 
Addition 


Oveim an carried out the cyclizations of the illustrated (E) and (Z) vinyl silanes 1 and 2, both of which afforded the 
indicated product (Oveiman et al. TL 19S4, 25,5739). He observed that 1 cydizes 7000-times faster than 2. 




Overman et al. 71 19G4, 25 ^ 5739. 


Part A. Provide a detailed mechanism for the transformation of 1 and 2 to the illustrated product. Use 
three-dimensional representations, where relevant, to illustrate your answer. 

PartE. In addition, rationalize the illustrated rate difference for the individual cydizations. 


Problem 37 


Contributer: 

Citation: 

Keywords: 


David A. Evans 
Synthesis 1996, 285 
Addition 


The stereoselective constiuctim of ti’ans olefins through carb anion-mediated condensation processes has still not been 
rendered general. One ti’ansfonnation that may be used in certain drcum stances is the "one-step" Julia Uansfoimation 
illuskated below: 



UN(iPr )2 

RftCHO 

THF 
-70 to 25 




Baudin, J. B.; Hareau, G.; Julia. S. A.; Ruel, 0. BjI Chim. R. 1995. 
856;/£?o; 19(93. 130, 336; iUd, Tetrahedron Lett ^ 1175. A 
syithetic apfdication: KociensKi 1996. 285. 


In the space below, draw out each of the inteimediates that might be 
anti d pate d in the transfoimation of 1 to the olefinic pin ducts. Since the 
pui’pose of this question is to test your knovdedge of the probable 
inteimediates, you may ignore the stereochemical implications of this 
question. In fact the stereochemical details of this process have not yet 
been revealed. 



R(3) 

R(A) 

E\Z 

yield 

Ph 

77-octyl 

23 : 77 

80% 

Ph 

cyclohexane 

60 :40 

67% 

Ph 

/e//-butyl 

99:01 

63% 

Ph 

cyclohe^ene 

99:01 

71 % 

n-Pf 

/7-MeOPh 

99:01 

95% 

n-Pt 

Ph 

a4 :06 

68% 

n-Pt 

/7-CI-Ph 

77:23 

51 % 


Problem 43 


Contributer: 

Citation: 

Keywords: 


David A. Evans 

J. Org. Chem. 1996, 61, 7976 
Addition 
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Moone (/, Org. Chem.1996, 61, 7976) recently repaited the elegant S-step ti’ansfonnatton that is illustrated by the specific 
example below. 


JO 

2 ) 

H 3) 

1, major (57%) 2, minor (11 %) 

Part A. Draw out a plausible mechanism for the ti^sfoimation to the major product isomer 1. 

PartE. Draw out a plausible mechanism for the ti^sfoimation to the minor product isomer 2. 




Problem 44 


Contributer: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1996, 118, 7004 
Addition 


Aggarwal (/. Am. Chem. Soc. 1996, 118, 7004) recently reported the enanti os elective aldehyde epoxidati on illustrated below. 
One of the important issues to be addressed in this question is how 1, used in sub-stoichiometric quantities, is capable of 
controling the absolute stereochemical outcome of the process. The absolute cc^figuratiors of both 1 and. stilbene oxide are as 
illustrated. Provide answers to the two questions pertaining to this transfoimation posed below and on the following page. 


PhCHNs 


PhCHO 


Cu(AcAc)2 

0.05 equiv 


R^S 

0.2 equiv 



Part A. Draw out each of the steps in this transfonnati on. Since you are not asked to address the stereochemical aspects 
of the reaction here, 1 maybe simplified as R 2 S. At the bottom of the page draw out the catalytic cyde. 


Part E . Geariy explain how 1 imparts chirality to the epoxidation process. Your answer should deariy explain the 
absolute stereochemical outcome of the process. 


Problem 47 


Contributer: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1995 , 117, 10413 
Addition 


Wood recently reported a veiy dever approach to the s 3 mthesis of the indolocaibazole family of natural products 
{JACS 1995, 117, 10413). His approach to the indolocarbazole core is the one-pot transformation outtined below. 




Provide a plausible mechanism for this multi-step transfoimation in the space below. 


Problem 48 


Contributor: 

Citation: 

Keywords: 


David A. Evans 

Tetrahedron Lett. 1996 , 37, 2181 
Addition 
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The fdlawing ti’ansfaimation was iieeenily iieported by Kabalka {Tetra!ied}(m Lett 1996, 37, 2181). Tieatinent of 1 with 
allylboronic add afforded the indicated adduct in high yield with 10:1 diasteieoselection. Qn the other hand, the 
analogous reaction of 2 was non steie os elective. Propose a mechanism for this ti’ansfoimation that accounts for the 
stereochemical outcome of the addition pracess. 



1. R= H 

2. R= Me 


^B(0H)2 


25 "C 
45-55% 



10:1 


P|-qU| 0 |y| aq Contributer: David A. Evans 

Citation: J. Am. Chem. Soc. 1995, 117, 10391 

Keywords: Addition 

Oveimanand MacMillan {JACS 1995, 327, 10391) recently reported the synthesis of the diterpene, 7-deaceto(X3^cyDnin 
(1) illustrated below. The keynote reaction in this synthesis is the Lewis add catalyzed transformation illustrated below, 
a process that has previously been investigated in the Overman Group {JACS 1991, 223, 3534). 




Propose a detailed mechanism for this transfoimation. Be sure to deally identify the stereochemical control elements 
that are operating in the creation of the new stereogenic centers. 


Problem 50 


Contributor: 

Citation: 

Keywords: 


David A. Evans 

Chem. Commun. 1995, 1409 
Addition 


Mui-phy (C/iffM, Comm. 1995, 1409) recently repo lied 
a veiy effident approach to the synthesis of the 
aspidospeim a alkaloid skeleton (eq 1). 




( 1 ) 


Provide a plausible mechanism for this LansfomiatiDn in the space pravided below. 


Problem 51 


Contributer: 

Citation: 

Keywords: 


David A. Evans 

Tetrahedron 1996, 52, 3403 
Addition 


Aube {TetraJiedrcfn 1996, 52^ 3403) recently reported an efficient approach to the synthesis of polycyclic lactams. A typical 
ti^sfomiationis provided below (eq 2). 



Provide a plausible mechanism for this Lansfoimation in the space below. 


Problem 54 


Contributor: 

Citation: 

Keywords: 


David A. Evans 

Tetrahedron 1996, 52, 3403 
Addition 
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Aube {Tdrdiedrcfii 1996, 52, 3403) recently reported an efficient approach to the s 5 mthesis of polycyclic lactams. A typical 
ti^sfonnationis provided below. 



Provide a plausible mechanism for this ti’ansfoimation in the space below. 


Problem 56 


Contributer: 

Citation: 

Keywords: 


Grace Wang 

Chem. Commun. 1994, 2259 
Addition 


The recently isolated irregular sesquiterpene myltaylenol (1) stimulated Srikrishna 
and co-workers Commun. 1994, 2259) to study the blogenetically modeled 

acid-promoted rearrangement of 2 which leads to the desired terpenoid skeleton in 
good yield, In the space below, provide a detailed mechanism for the transformation 
of 2 to 3 




A.Srlknshna. Ch^irt. Commufy. 1994, 2259. 


Provide an expedient synthesis of 2 from the allylic alcohol 4. 



Problem 60 


Contributer: David A. Evans 

Citation: Tetrahedron Lett. 1987, 28, 1267 

Keywords: Addition 


Provide a detailed mechanism for the cyclization reported by Vercautem and co-workers {TdrsJiedrcni Lett 1987, 28, 1267). 



Youi mecliAmsin for tliis transformAtiDn 


Problem 61 


Contributer: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1979, 101, 259 
Addition 
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The fdlawing stereoselective hydrobomtionhas been reported by Kishi in his synthesis of monensin {JACS 1979, lOJ, 259). 
Provide the stereostmcture of the major product and mtionalize the stereocheti’iical outcome as indicated in the directions. 



The product ? 
Stereoseleciioiv 8/1 


predict stud we 


Problem 62 Coritributer: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1983, 105, 2487 
Addition 


The following stereoselective hydrobomtionhas been reported by Still ( JACS 19S3, 105, 2487). 

Provide the stereostmcture of the major product and mtionalize the stereochemical outcome as indicated in the directions. 



OH 


BHg, THF 


The product ? 
Stereoselectioii' 24jl 


TherationalLZAtion ? 


prodi^-t st udure 


PrObl@rn 63 Contnbuter: David A. Evans 

Citation: Chem. Pharm. Bull. Japan 1984, 32, 1411 

Keywords: Addition 

The following stereoselective reduction has been reported by Qishi {Chem. Phaim. Bull 1984, 32, 1411). 

Provide the stereostmcture of the major product and mtionalize the stereochemical outcome as indicated in the directions. 

IVle 

ai(BH4), 

Et^O 
O 

TherationaUzation? product studwe 



The product ? 
Stereoselection: 32/2 


Problem 64 contributor: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1983, 105, 1667 
Addition 


The following stereoselective aldol addition reaction has been reported by Heathcock(/, Am. Chem. Soc. 1983, 205, 1667). 
Provide the stereostmcture of the major product and mtionalize the stereochemical outcome as indicated in the directions. 



OTMS 



BF3-OEt2 

Chi2a2. 


The product 7 
Stereoselectioii Ibjl 


XherationalizatiDn ? 


product studwe 


Problem 66 


Contributer: 

Citation: 

Keywords: 


David A. Evans 

Liebig's Ann. Chem. 1991, 1203 
Addition 


The fdlovying stereoselective ti’ansfoniiation has been reported by Hoffiiiann Aim. Chem 1991, 1203). 

Provide the stereostmcture of the major product and mtionalize the stereochemical outcome as indicated in the directions. 



The product ? 
Stereoselection: >20:1 


product st udwe 


The rationalization ? 
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Problem 69 


Contributer: 

Citation: 

Keywords: 


David A. Evans 

Chem. Lett. 1991, 1555 
Addition 


The fdl awing stereoselective ti’ansfamiation has been repo lied by Fujisawa {OiemLett. 1991, 1555). 
Given the stereostiucture of the product mtionalize ihe stereochemical outcome. 


Bh 


Bh 



TherAtionaUzAtion ? 


HN 


.OMe 


stereo select on >97:3 


R" 


P|-q|^| 0 IY| Contributer: David A. Evans 

Citation: J. Am. Chem. Soc. 1991, 3608 

Keywords: Addition 

The development of stereo controlled reactions is an impoiiant undertaking in oi^ganic synthesis. 

Recently, Mdander and Haar disclosed "A Simple Method for Achieving High t^Rdative Asymmetrtc Induction 
in Caibonyl Reactions" {JACS 1991,13, 3608). Their reaction is show below (eq 1). 




Ri- 

R,- 

Ra- 

Ratio, 2 :3 

Me- 

Me- 

Me- 

1.5 :1 

f-PC 

Me- 

Me- 

5 :1 

fPr- 

Me- 

f-PC 

15 :1 


Coiditiaiu: 10 md % Trimethylstlyl triflate with 1 
equiv each of TMSCM and ac etnl, -78 "^Cin CI-^C4- 


Part A (10 points). Wiite out a detailed mechanism for the illush’ated ti^sfoimation. 1 mi not interested in the 
stereodiemiail details yet; rather, I am interested in seeing whether you can wrtte out the key activation steps and 
intemiediates in the process. Speculate on the mte-deteimining step. 

PartB (10 points). Provide a detailed rationale for the stereochemical aspects of the process. Your answer should 
include carefully rendered perspedive drawings illustmting the preferred confomiatians of relevantinteimediates. 
Your answer should also include an explanation of the obseived vaiiation in reaction di as te re os elect! on with 
substrate vaiiables R;^, R 2 , and R 3 . 

PATt C (10 points). Md ander suggests that the concepts reveal ed in this ti^sfoim ation might be extended to 
other reaction types. This being the cas^ what other reactions do you perceive might also exhibit the same 
stereochemical attiibutes? For full credit on this part, I want you to pinvide two different examples. 


Problem 74 


Contributer: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1988, 110, 5192 
Addition 


Over the last several years Rebek and co-woikers have published a series of papers on a new class of chelating 
ligands, or "mdecular clefts," such as the one illustrated below,[/. Am. Chem. Soc. 110,5192 (1988), and papers cited 
therein]. In this recent paper, the exceptional binding affinity for divalent ions is demonstrated. For example, 1 (R 
= Me) exhibits a binding affinity forCa"^ of ca. ICT^ 


Me 


Me 


A. E>iscuss the unique design features of this chelating agent 
which render it so effective in chelation. Include in your 
discussion why the derivative, R = M e was chosen over the 
simpler analog, R = H. 



E. Rebek has cleverly chosen his system so that he can increase the di stance between the caiboxyl ligands 
without losing the organizational features of his "deft". Show how you might synthesize an analog, having 
comparable oi^anizational constraints, but with an increased distance betiAreen ligating functionality. What 
types of substrates do you anticipate might bind to your new ligand. A nice review of this work has recently 
appeared in Science, 235, 1478-1484 (1987). 


Problem 77 


Contributer: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1988, 110, 3948 
Addition 
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The Wittig iieaction (and its numerous valiants) continues to be one of ihe most powei-fulreactions for the 
stereoselective constmction of olefins. By virtue of its impoiiance in synthesis, the mechanism of this reaction has 
been intensely studied by a number of individuals, and a continuing evolutionaf thought backed by expeiimental 
data, on the projected mechanism of this reaction is still in progress. A recent paper by Vedejs and co-woikei^ [ /. 
Am. Chem. Soc, 110, 394S (1988)], provides an excellent oveiview on the cuiTent thinking on the mechanism of the 
"salt-free" Wittig Reaction vdtich proceeds with high levels of Z-olefin selectivity with mono substituted 
til phenyl pho 3 poises. Having read this important paper, answer the questions posed below. 


PhoP= 


/ ^-78"C r 1 a. 

■=(5 + o=(^ intermediate - 

Y Y ? 

Z-Sterecseiection exceeds 96% for aiiphatic aldehydes 


^p. 


Ph3P=0 


A. What is me ant by a "salt-free" Wittig reaction ? Deschbe precisely how you would cany out such a reaction. 

B. What is the initial o&jep'Uflfiteintem’Lediate in this reaction at low temperatures? Dmwits s tincture. 

If more than one intemiediate is passible, draw its s tincture as well and i^k them in order of stability. 

C. Whatis the product-detemiining step in the reaction? Is it the same as the mte-deteimining step? Geaily 
identify which steps are reversible and which steps are not 

D. Rationalize, via Newman Projections and associated discussion, the high ds-olefin selectivity for the salt- 
free Wittig process. Identify the nonbonding interactions identified in the Vedejs model vdaich dictate 
stereo control. 


Problem 78 coitributen 

Citation: 

Keywords: 


David A. Evans 

Chem. Commun. 2003, 276 
Addition 


The illusti’ated di as te re os elective dihydropyi^ synthesis has been reported by Deligny and 
2003, 27fi). 



CD- workers (C/iepH CoFMFMiffl. 




Provide a plausible mechanism for this reaction sequence. Your answer should include three-dimensional sti’uctures 
that accurately depict ground and ti’ansition state representations. 


Problem 83 


Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Org. Chem. 2001, 66, 1228 
Addition 


The illustrated Khovenagel-type condensation recenly reported by Nohami et al. [J. Crg. djew. 2001 , SS. 1£3S) 
should prove to be a generally usetel transformation. 




In the space below, provide a mechanism for the indcated tansformation. 


olher rm products 


Problem 89 


Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett. 2001, ASAP, 
Addition 


Padwa and co- worhers recenlydisclosed the illustated multistep polycyclisation as a possible rout to the stychnine 
core ( Ofg. Lett. 2001, ASAP) 



1^15 "C 


In the space below, provide a mechanism for the in dcated tansformation. Hnt: The fffsnsgsKantsuggas^ thsts 
anaiysis fnss^th^pycni to a/riva af a iotft/iricn uflhss gowsjSricn. 
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Problem 90 


Contributer: 

Citation: 

Keywords: 


David A. Evans 

J. Org. Chem. 2001, 66 , 2350 
Addition 


The syntiesis of the marasmane sesquiterpene sheleton has been to topic ofsetieral 
research g'ou ps. ha recent paper [J. Oy. tftac?. 2001, 6S, 2350) de Ooot et al. have 
developed an ingeneous approach to the assembiage of this ring systm. 


MelV^I 

- 

pH 7 isolation 




IVte 



marasmane sheleton 


In the space beloiu. provide a mechanism for the indcated tansformation . 


Problem 92 


Contributor: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 2001, 123, 4851 
Addition 


In Overman's synthesis of shahamin K [J. An. Cftam. St?P. 2001. 123. 4351), he hey tansformtion involves the 
interestng reaction sequence shown below. 



Lewis acid 

A -^ 


80% 

CahUoO^Si 


Please provide a mechanism for his two-step process and idenf fy intermedate A. 



IVte 

major dastereomer 


Problem 93 


Contributor: 

Citation: 

Keywords: 


David A. Evans 

J. Org. Chem. 1987, 52, 4831 
Addition 


S. Masamune has reported the illustrated ally!boration [J. Cry. Cfiafn. 1937, 52 4331). 




cHaslereasefecSron.' 96:4 
93<^ee 


Predct the stereochemical outcome of the reacton and draw the relevant Zimmerman-Traider fansiton state/ 


Problem 94 


Contributor: David A. Evans 

Citation: 

Keywords: Addition 


The reacton of 1 with 2 is a typical ejtam pie of a dou bie stereodfferentatng addf on reacton. Determine wheher 
this reacton is 'Vinatched" or mismatched, draw the transiton state for the additon process that support your 
conclusion, and provide the absolute stereochemictyof he additon product 



Problem 95 


Contributor: David A. Evans 

Citation: J. Org. Chem. 1978, 43, 1750 

Keywords: Addition 


lyyfagtus etal; have reported the base-induced transformafon shown below [J. Oy. tRsc? 1973, 43. 1750). 



Provide a detailed mechanism for ttis tansfomnaton in tte space below . 
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Problem 97 


Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1991 , 113, 3608 
Addition 


The development of stereo controlled reactions is an im portant undertaking in organic synthesis. Molander has disclosed 
"A Simple Method for Achieving High Relative Asymmetric Induction in Carbonyl Reactions" (JACS 1991, 23, 3608). 

Their reaction is showbelow (eq 1). 



RiO 



Fir 

Ra- 

Ra- 

Ratio, 2 :3 

Me- 

Me- 

Me- 

1.5 :1 

/Pr- 

Me- 

Me- 

5 :1 

/Pr- 

Me- 

/Pr- 

15 :1 


Ctnditiaiis: 10 mol % Thmethyisiljd triflate with 1 
equiv each of TMSCM and ac etnb -78 '^Cin CI-^C4- 


Part A. Write out a detailed mechanism for the illustrated transformation. I am. -not mterested m the 
stereochemical details yet; rather, I am interested in seeing whether you can write out the key activation steps and 
intermediates in the process. Speculate on the rate-deteimining step. 

Part E. Provide a detailed rationale for the stereochemical aspects of the process. Your answer shoul d 
include carefully rendered perspective drauii-ngs illustrating the preferred conformations of relevantinteimediates. 
Your answer should also include an explanation of the observed variation in reaction di as te re os election with 
substrate variables R^, R 2 , and R 3 . 

Part C. Molander suggests that the concepts revealed in this transfoimationmightbe extended to 
other reaction types. This being the case, what other reactions do you perceive might also exhibit the same 
stereochemical attributes? 


Problem 98 


Conthbuter: David A. Evans 

Citation: J. Org. Chem. 1991 , 45, 2809 

Keywords: Addition 


Cydopropanol derivatives are praving to be useful horn nennlate anion equivalents, and over the last ten yeai’s metal- 
catalyzed reactions utilizing these inteimediates in useful bond constmctions have appeared. In 1988 the illusti’ated 
aiyiation reaction was reported, JACS 1988, 110, 3296, (eq 2) while more recently, Nakamum (J.Org. Chem. 1991, 56, 
2809) reported a thorough study on the related acylation reactions (eq 3). 


TMSO^ 




Ar-X 


Pctp 

-► 

-TMSX 


TMSO, 


A3 


Pdp 

R2(C0)-X - ^ 

-TMSX 


Part A. Write out the probable steps, m ec^mticm form, for the Pd-catalyzed ti^sfoimatton shown in eq 2. 

PartB. There appear to be some definite requirements for the Ar-X reacting partner in the aiyiation. For example, these 
reactions afford excellent yields of the desired product vriien aiyl Mfiates are employed. On the other hand, aiyl iodides 
fail to provide the desired product Based on the mechanism v^chyou have provided in Part A, speculate why aiyl 
triflates, but not the analogous iodides, are required for coupling. 



Problem 102 conthbuter: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett. 2002 , 4, 3179-3182 
Addition 


A s te re os pedfic substitution process was recently reported by H. M. R.Hoffmann (0?'g. Lett 2002 , 4, 3179-3182). 

Bothl and 2 undergo stereo specific replacement of themethoxyl substituent upon treatment with a Lewis add catalyst 
and a silyl nudeophile (Nu = CN, Ng, alkyne, etc). Provide a plausible mechanism for the indicated ti’ansfoimations. 
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Problem 103 Cont^uter: 

Citation: 

Keywords: 


David A. Evans 

Tetrahedron Lett. 2003 , 44, 1129-1132 
Addition 


The following intramolecular sulfur transfer process was recenliy reported by Ortiz {Tetrahedron Lett 2003, 44, 1129-1132) 
and eaiiierby Palomo {JACS 2001, 223,5602). Predict ihe stereochemical outcome of this transfoimation. 



a) SnQ 4 

b) H20 



di as te re os election-98:2 (72%) 


Problem 104 Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

Evans, Unpublished Results 
Addition 


The indioted aUyimeial mdeopkile adds ne^selectiviely to the indioted (^ndoheKaiiorije deriira.tEre 1 to afford tit 
tertiary afoolfols 2 r and 3 d having the indioted stereochemistry (Evans & Andrews, 1971J. These 

addvcts may be individualLy rearranged to the indioted aldehyies 3k and 3b with complete control of 
stereochemistry. This set of transformations readily provides access to functionalised quatermry centers. 



Provide a mechanism for the transformatianof 2 r info 3k that is consistent with the e^qjerimental obsenrations. 
Where appropriate, provide three-dimensforol drawings to reinforce your answer. 


Problem 110 Co^tributer: 

Citation: 

Keywords: 


David A. Evans 

Addition 


The indioted transformation occurs with apparent retenton of stereochemistry. 



E^N. DMSO 



In the space below, provide an e^pJamtion for the mechanism and stereochemiol outcome of this transfomntion. 


P|-q|^| 0 IY| m Contributer: David A. Evans 

Citation: 

Keywords: Addition 

The Zimmerman-Tra;der transitian state nicely correlates starting enokte geometry and product aldol stereochemistry. 
This point is illustrated inequation 1 below in the oorrektion of the (^ enolate geometry with the syn aldol product 
stereochemistry. The intent of this question is to hai® you ponder the related addition to the illustrate intine (eq 2 ). 



In the space below, draw the Zimmerman-Trajder transition state for the 'Sntine-aldol" process (eq2) and illustrate 
the predicted stereochemical outcome of the addition reaction. Assume that the imine geometryonnot isomeriae 
under the reaction conditions. 


Problem 114 Co^ibuter: 

Citation: 

Keywords: 


David A. Evans 

Tetrahedron Lett. 2001 , 42, 3816 
Addition 
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The follawirigtrarEfomiatiDn was reported earlier this year by J. D. White and oo-worhers 2001^ 42, 3816.). 

From your knowledge o(f the chemistry m-roliffid, provide a mechanism for the indioted transformatijan which is 
oonsdstant with the observed product stereochemistry. 



TFA = Iriluoroacetc acid 


Problem 115 Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett. 2001 
Addition 


During their investL^tions toward a total synthesis of Nodulisporic Acid A^ Smith and co-workers (Smith Org. . 
2001, A5AF) attempted a diastereoselectiTffi addition sequence based on the precedent of Ko^ 1961, 37, 

3951.). 

(1 


Fart A. Provide a mechanism for the transformatianof 1 to 2 as reported by Ko^ (shownbelow). Be sure your 
mechanism accounts for the observed stereochemisty. 

Part B. While attempting to effect an arologius transfomRticnondecalin 3, Smith and co-workers were quite 
suprised that ds diasterecmer i was obtained. Provide a rationale for the divergent stereochemkal outcome. 





Problem 125 contributor: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett. 2001, 3, 3257-3260 
Addition 


The following reaction was recent^ leportedby Amat and co-workers (C^. L^. 2001, 3,3257-3260). Provide a 
mechanism for the this transfometion which is consistent with the product stereochemistry. Sinoe stereochemiol 
issues are at stake, orefully rendered 3-D conformatiorel drawing shouldbe incorporated into your answer. 



Problem 127 Co^tributer: 

Citation: 

Keywords: 


David A. Evans 

Addition 


If an olefin such as A es^riences afacialbias, one nny count on steric effects to direct the course of aOsO^ 
dihydiDKylatian to the o ificsf mac/kE (eq 1). Strate gioUy, it is Important to be able access the other 

stereochemical option: dil^ndroKylation from the ffaoffi . This stereochemiol option may 

be implemented throu^ the reaction summarised in equation 2. This reaction has been referred to as the 
Pre'TOst-Winstein-Woodward dihydro>;ylation. 

- CD:^ CD CDD 

H H H 

A 


Provide a mechanism for the reaction illustrated in eq 2 in the space below. Since stereochemical issues are at stake, 
orefuky rendered 3-D conformational drawings shouldbe incorporated into your answer. 


Problem 133 


Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1996, 118, 12580 
Addition 
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Rappoport has neoently reported the transfomiatijan illustrated below (JAGS 1996, 113, 12580). The kinetic 
steieocheriiLcal outcome of this reaction, is superficially unanticipated in tlat the Grigrard rea^nt adds to hetene 1 
from the ''more hindered" ofbonyl n-face. This value judgement evoliKS from the assunption that the nj£sjtyl 
siihstitiisi is njor£5tefii:sli]/d£f?miiiir^ than th£ph£f2T/l5iihtitiiefi. 


Tl 

y=c=o 


1. MestyylgBr 




□ Ac Fti Ivts 

Mes Mes Mes'^ DAc 

(£)-2 (favored) (2]-2 (disfavorecfl 
(£1^(Z)=3:1 (kinetic ratioJ 



Provide a rationalistion for this "oontrasteric"ketene addition. 


Problem 134 Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

Eur, J. Chem. 2001, 323 
Addition 


A recent paperby Hoffmann (Eur. J. Oyg. Gawr. 2001,323) hi^ili^ts important advances made by this laboratory over 
the years in enantioselective aldehyde alylboration. A typdol reaction deiffilopjed by Hoffmann is iUustratedbelow. In 
this ose the enanticpure allylboronate 1 is transformed into the anti adduct 2 with lu^ selectivities. The Solute 
stereochemical relationships of 1 and 2 are as illustrated. 









X = a, OR. N(Me)SOiR 


Antifevri diastreoselection 
> 15:1 

enantioseleclion 

>95% 


Fart A. Draw the obli^tory transition state for this transfometionbelow. A carefully rendered three dimensdoral 
illustration is requested. 

Fkrt B. Identity those hypeiconj native effects, if any, that mi^t be involved in transition state stabilistion. 


Problem 141 contributor: 

Citation: 

Keywords: 


David A. Evans 

J. Org. Chem. 2001, 66, 886 
Addition 


Aube Iras recently reported the transformations illustratedbelow (J. Oyg. ChenL 2001, 66,886-889). In this study he has 
documented that the observed product is dependent on the tether len^ between the atide and orbonyl functional 




Fart A. Provide a mechanism tor the transformation illustrated in Eql. 
FkrtB. Provide a mechanism tor the transformation illustrated in Eq 2. 
Fart C Brief ^ rationalise the difference in reactivity. 


Problem 142 contributor: 

Citation: 

Keywords: 


David A. Evans 

J. Org. Chem. 1992, 57, 1179 
Addition 
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Dimrig tke ooTirse of the Oisnnan synthesis of pumilotojon {J. Org. ChefK 1992,57,1179) the mdioted transtomiation. 
was canied out with the expectatian that the bicyclic ketone 2 would be enantiopuie sinoe the staxting amine 1 was 
enantiamerimUy pure. Suiprisin^y, product 2 was obtained as a racemate. 



Fkrt A. Provide a mechanism for this transtormation that accounts tor the illustrated stereochemiol outcome. 


The re vised synthesis at erantiomerically pure 2 is ilustrated below {}. Ot^- Chem 1992, 57,1179). Addition at 3 to 
several equivalents ot the iLLustrated ahenyllithiumrea^nt afforded carboiyl adduct 4 as a sin^ dnstereomer. This 
ititermediate was then transformed into enantiopure 2 under acidic oonditians. 



4 fti^iBfBCfgfgpfcr7:=&7rS} 

Fkrt B. Provide an e^plaration for the hi^ level of stereocontrol that is observed in the orbonyl addition step. A 
three dimensianal drawing of the cafboi^l addition transitiDn state is requested in ooiqunction with this answer. 

Part C Provide a mechanism for the transformation of 4 to 2. 


Problem 143 Contrlbuter: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett. 2000, 2, 1161 
Addition 


Hsung and co-workers haire recently reported the diastereoselectiiK reaction shownbelow (C^. L^. 2000,2,1161). 
While there is mechanistic anbigaity associated with this process, the authors haiK sug^sted that a perkychc process 
is involved in the steieocheniistry-determining step, an assumption that is consistent with the sense of asymmetric 
induction observed in the reaction. 



diastereoseleclion 1:2 >10:1 

Provide a concise meclmtism for this reaction in the spacebelow. Please rationaliae the observed sense of asymmetric 
induction. 


Problem 145 Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Org. Chem. 1978, 43, 3705 
Addition 


Martin Kuhne has described abiomimetic approach to the constructian of the aspidospemn alkaloid skeleton 
ChsffL 1976, ^3, 370 5). One of the reactions deiKloped in his laboratory is illustrated below. 



COjMe 


DMF.KjCOs 


Provide a detailed mechanism for the illustrated transformation. 



Problem 149 Co^tributer: 

Citation: 

Keywords: 


David A. Evans 

Org. Reactions 1991, 40, 407 
Addition 


Stetterandcoworkers (C^. B^adians 1991, ^0, 407) hais developed the use of thiasohum salts for the coupling of 
aldehydes and unsaturated ketones. A typiol transfomation is illustrated bebw. The ratalyst for this reaction is the 
thiaaohum salt 1. 



Provide a oondse meclmtism for this reaction in the space bebw. 


Problem 150 contributor: 

Citation: 

Keywords: 


David A. Evans 

Addition 
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Fmuide a oonnse meclmiisrti for tke itijdi(a.ted neaictiori in the spaoe below. 



Problem 151 Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

Chem. Lett. 1991, 1555 
Addition 


The f ollawing stereoselective tiansf annation has been reported ty Fujisawa 1991,1555^. Given the 

structure of the product, rationaliae the stereochemital outcome of the process. 


Bh 



The ratianaliaation ? 


R'-Li 


Bh 


HU 


stereoselection :?97 3 


R" 


Problem 156 Contributer: 

Citation: 

Keywords: 


David A. Evans 

J. Org. Chem. 1994, 59, 6008 
Addition 


Here is an interesting transformation that hasbeen ^CO^Me 

reportedly Ihara (JCC 199^^ 59, 6008). Given the jf 

partial structural information for the product, 

predict its structure and provide a ODncise f 1 T 1] UNR^, -7S ^ 
mechanism for this process. £) 

H 


The Product 
Here are some clues 

A) No C=Cs in the product 
EJ incorporated 


Problem 160 


Contributor: 

Citation: 

Keywords: 


David A. Evans 

Addition 


The acetylene alkoKide (ynolate) 1 reacts with the indioted para-substituted acetophenones to ^ve the (E) and [Zi 
unsaturated adds 2 and 3. The interesting observation is tlat the (£):(Z) product ratio strongly depends on the 
substituent on the aromatic ring. 



Provide a mechanism for the overal transformation illustrated below that accounts for the chan^ in product 
stereochemistiy with the change in acetophenone substituent R. Address stereochemical and stereoelectronic issues 
where approprkte. Classify aU periychc reactions should they intervene. 


Problem 163 contributor: 

Citation: 

Keywords: 


David A. Evans 

Addition 


The following is an idea that has been proposed to you by a fellow student. The proposal is based on the fact that 
borane-methyl suHiie compleK is an efective hydroboration rea^nt (eq 1). It is proposed that allyhc sulfides such 
as that illustratedbelow should be opable of "directing" the hydrdDoration process from this substituent throu^ the 
borane-substrate conplex. 



Ptirt A. In order to begin your critique, you must possess a good working knowledge of the defails of the 
hydroboration of olefins with borane-methyl sulfide. Provide a clear depiction of the transition state for the 
hydroboration process using etlylene as the oletinic substrate andborane-methyl sulfide as the hydroborating agent. 

Pfart B. Now, based on your knowledge of the lydroboration reaction and the principles learned thus far in Chem 
206, critique the idea proposed in Eq 2. You must concisely state the logic upon which you base your assessment. 
Fidures sfMnfe a thoijsand ntutis. 
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Problem 165 Contnbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Org. Chem. 2001, 66, 809-823 
Addition 


Kotay^ihi has reoeniiy reported, the ill-ustrated diasteieoselectiTK addition reactiorE (J. Oyg. Chsn. 2001,66,809-823). 
This study reports that reajctksnd^tereoselectbn maybe oontrolledby the nature of the oxy^n substituent at the 
3-position of the pyridine ring. 



CO^Bn 


R =CI-|sPh 


i3 lOTBd dsaslBrsom er (2.6:1 J 


Cl' 


^ ScpTfla 

CO^Bn -] 


u im; 


cXX 


COjEn 

K7TPd 6saeiBrecm er (4.9:1) 


Provide an e^^Jamtion for these observations in the spaoe below. 


Problem 170 Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Org. Chem. 2000, 65, 8564 
Addition 


Moore Ihs recently reported the illustrated reaction cascade which rapidly leads to the assemblage of the illustrated 
tricyclic diketone [J. Org. ChetK 2000, 65,8564). 



Provide a concise meclmiism tor the illustrated reaction sequence in the space below. 


Problem 173 Contributer: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1986, 8297 
Addition 


Provide a clear depiction of the transition state which predicts the product stereochenistty at the 
starred (*) carbon atoms (Masamune, JACS, 1986, B27^. 



Me 


Problem 174 co^ibuter: 

Citation: 

Keywords: 


David A. Evans 

Angew. Chem. 1998, 1987 
Addition 


Corey's CBS otalyst tor ketone reduction often deliveishi^ yields of enantioenriched secondary alcohols (dO£, 
1996,1987). Provide a dear clear illustratiDn of the transition state which predicts the absolute stereochemistry of the 
product obiainedinthe illustiated reaction. Include an explanation of why the reduction of this practically 
symmetric ketone is selective. 


1 equiv. 



75% ee 


Problem 179 contributor: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1989, 1530 
Addition 
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Provide a mediankm that ajocoimt; for observed stereochemistryof the ill-ustiated transformatian (Heathcod;, JAGS, 
1969,1530). 



Problem 180 Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

Angew. Chem. 1997, 36, 523 
Addition 


Provide a mediaiiism which clearly predict: the product stereochemistry at the starred (*) caiioai atoms 
(Schinaer, AQ££, 1997,3 6, 523). Provide a dear depiction of the transition state to support your answer. 



Problem 182 Co^tributer: 

Citation: 

Keywords: 


David A. Evans 

Addition 


Provide clear three-dimensional depictions of the transition states for the following l^drdboratians. SpedticaHy point 
out each factor responsible for the observed turnover in seledvity (Tatsuda,!!, 1991, 6015). 



1) 1 equiv. 
(Py)£EH 





Problem 185 Co^tributer: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1999, 121, 6771 
Addition 


Ojring Coney^s recent synthesis of Aspidophytine [JACS 1999, 6771). the piiiotal intermedate 3 was assem tied 

by the union of 1 and 2 under the specified conditions. Provide a mechanism for this sin pot transformation. 



Problem 188 Co^tributer: 

Citation: 

Keywords: 


David A. Evans 

Tetrahedron Lett. 1983, 1621 
Addition 


Provide a mechanism for the following reaction that predicts the stereochemistry at the starred carbon atoms 
(Vahntin, PL, 1963,1621). 

G 


O H NC 



.HO^ 

Me 


O' 


19 of 55 


7/5/2007 9:20 PM 














SEARCH BY KEYWORD - CCB Challenging Problems 


http ://daecr 1. chem.harvard.edu/ cgi-bin/problems/search3 a_byKeyword. cgi 


Problem 190 Contnbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Org. Chem. 1971, 214 
Addition 


Provide a niediankm for tlie following traiisforinatijan that explains -the obrarveddeisochfimistry 
(MaidiaHJOq 1971,214). 



Problem 193 


Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Org. Chem. 1985, 235 
Addition 


Provide a mechanism for the indicated transfoimation that predicts the obseived stereochemishy at the three staiTed (*) 
carbon atoms (/OC 1985, 235). 



Problem 194 contributor: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1978, 2933 
Addition 


In the Kishi Lasalocid A synthesis, the illush’ated aldol fragment coupling proceeded with only moderate stereoselectivity 
(/ACS, 1978, 2933). If you were planning this fragment coupling today, you vrould probably choose (c-hexJ^BQ/NEtg 
which would cleanly pin vide the (E) boron end ate (Binwn /ACS 1989, 111, 3441). What pm duct stereochemi shy would 
you expect from your reaction? Include a ti^si tion state dravwing to suppoii your answer. Point out the specific factoid 
responsible for your predicted selectivity. Is your reaction a fully matched or partially matched aldol reaction? 



Problem 196 co^ibuten 

Citation: 

Keywords: 


David A. Evans 

Tetrahedron 1999, 8883 
Addition 


Part A. Pinvide a mechanism for the fdl owing reaction {TetraJiedrm, 1999, 8883). Include a dear ti^sition state 
representation that predicts the major product diastereomer. 



1 equiv. 
EtMgBr 

CH2CI2 

de >S0% 


MegC-^+^N 
^ H 



PartB. When the reaction is perfoimedin diethyl ether or THE, the diastereoselectivity is significantly lowered. Pinpose 
an explanantion for this obseivation. 


Problem 197 Co^tributer: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1995, 9598 
Addition 
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Provide a medaanisii’L for Ihe fall owing mono dentate Levds add promoted aldd reaction. Indude a ti’ansition state 
representation, indicating Ihe spedfic factoi’s lhat are responsible far ihe obseived selectivity {JACS, 1995, 959S). 


OTBS OTMS 


/■Pr 



CH 3 CH 3 



OTBS 
■APr 


CH 3 


1 equiv. 
BF3-OEt2 

-78" C 


TBSg 
/■Pr 


OH 



QTBS 
-/■Pr 


CH 3 CH 3 CH 3 


Problem 203 co^ibuten 

Citation: 

Keywords: 


David A. Evans 

J. Org. Chem. 1998 
Addition 


Provide mechanisms that account for the stereoselective fonnation of the products obtained by h’eatment of aldehyde A to 
the conditions shownbelovt^. Biiefly comment on the difference in reactivity under the two sets of conditions (/OC, 1998, 



Problem 204 


Contributer: David A. Evans 

Citation: SynLett 1999, 1325 

Keywords: Addition 


Provide a mechanism for the fallDvdng reaction that explains the obseived reaction di as tere os el activity {Syniett, 1999, 1325). 
Be sure your mechanism accounts for the catalytic nature of PhSeLi. 



Problem 205 co^ibuten 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1995, 3881 
Addition 
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Cratyititaniun’i reagents have been developed for addition to C=0 and C=N bonds (/, Am. Chein. Soc. 1995, 3881 and /, 0?£. 
Chem. 1995, 8136). 



minor major 


Part A. Provide an explanation, including dear 3D drawings of Ihe ti’ansition states, vdaich account for ihe divei^ent 
stereoselectivity obseived in the addition reactions illustmted above. 


PartB. The use of a chiral imine induces useful levels of aspnmetiic induction in this reaction. Provide an 
explanation, induding a dear 3D drawing of the ti’ansition state, vdaich accounts for the prefeiTed production of the 
indicated diastereomer. 


ye 


Et 



Ph 



ye 


HN Ph 


ye 


P|-q|^| 0 IY| 210 Contributer: David A. Evans 

Citation: 

Keywords: Addition 


The carbonyl ene reaction is illusti’ated below. Using FMO analysis, evaluate the ti’ansition state of this reaction. Your 
answer should indude: a transition state drawing; dear orbital depictions and HOMO-LUMO assignments; an indication of 
the number of electi’ons fram each segment; and indication of vdaether the reaction is theimally allowed. 


O CH 3 

• A. 



Rb 


Problem 222 contributer: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1999, 121, 11953 
Addition 


Provide a mechanism for the following reaction and explain the stereoselectivity. (Danishefsky, ]ACS 1999 121, 11953) 




19 1 Diastoreoselectivity 


Problem 225 co^ibuter: 

Citation: 

Keywords: 


David A. Evans 

J. Org. Chem. 1983, 48, 2685 
Addition 
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One nf the most innovative reactions which results in the constmction of the aspidospeima alkaloid skeleton has 
recently been reported by Professor L Ove nn an (/OC 19S3, 48, 2685). Pravide a concise mechanism for this reaction. 



Problem 226 Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1987, 109, 7881 
Addition 


The Fukuyama synthesis of the mitomycins {JACS 1987, J09, 7SS1) proceeds through the intriguing rearrangement shown 
below. This transformation, which was first documented by Kono and co-woikers {JACS 1987, J09, 122A) occurs upon 
dissolving either 1 , 2 , or 3 in methanol over a two-day period. The equilibiium mixture, which may be approached from 
any one of the three constituents, favors the mitomycin skeleton (Ca 90%). 


Draw a detailed mechanism for the conversion of 3 => 2=>1 and deaiiy identify the structure of albomitomydn-A. 




Mitomycin-A Isomitomycin-A 

1 3 

PI ease not that problems 226-229 are all coupled they m ay be retrieved by using 
the "Synthesis" plus "Natural Product' descriptors 


Problem 229 


Conthbuter: 

Citation: 

Keywords: 


David A. Evans 
Science 1987, 235, 1204 
Addition 


Nakanishi, Verdine and co-woikers have shown that Mitomydn-C ( 1 ) is a bio alkylating agent which is known to 
selectively crosslink DNA, Sdence 235, 1204 (1987). The probable mechanism by which this compound functions in this 
capadty has been also examined by Danishefsky, /. Am. Chem. Soc. 108 , 4648 (1986). He has shown that Mitomydn-C 
must be "primed" by reduction before it can function as an effective alkylating agent Overall, some of the events 
assodated with DNA crosslinking are outlined below. 

Provide a detailed mechanism for the overall transformation of 1 => 10 . There is more than one sequence of events that is 
possible; however, you only need to show one to receive full credit. 



PI ease not that problems 226-229 are all coupled they m ay be retrieved by using 
the "Synthesis" plus "Natural Product' descriptors 


Problem 230 co^ibuten 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1986, 110, 6556 
Addition 
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Wiite a plausible mechanism far the neaction illush’ated below. Where stereochemistiy is an issue, dmw the confoimation 
of the reacting entity vdiich illustrates the relationship between chi and pro chi rat centers. 



Trost S C^warkers, JACS, 110. 6566(1988). 


Problem 232 Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

Angew. Chem. 2003, 42, 2063 
Addition 


Trost et, al. have reported an interesting vandium catalyzed di as te re os elective addition of all ends to imines and aldehydes 
(AngeLi?. Chem. Int. Ed. 2003, 42, 2063). Propose a reasonable mechanism and a model accounting for the observed 
stereo selection. Also see obi em 111. It is related. 



5 mol % 
VO(OSiPh3)3 


Ph- 


NHCO^IVle 


anti selective 


IVle 


Or 


R 




syn selective 


Problem 240 contributor: 

Citation: 

Keywords: 


Carl A. Morales 

Angew. Chem. 2002, 41, 4492 
Addition 


In a nccfnt ri-Titirt of a synttn.'iiij; of sitcnint',. rwifarchcrn reported s tiindem pdycj'tli/rttion which affordi'd 

Lh*.-- mLijc^r Lind rniiii.ir pniduiLls. PIlilisl,* prci^pHiM; li TnL;rhLinl.%m hiF IKhk lrd!i'n:>i.'f4iitnLitii.m i^hlch j«;n»uni% Fur 

bL-jth pFfjducIsiv thodr t'tflalivL* fttHSHiCjchemifttry, and ttudi raljitivc di^tributiciti. 




Problem 250 Contributer: 

Citation: 

Keywords: 


Jake Janey 

J. Am. Chem. Soc. 2003, 125, ASAP 
Addition 


Aube recently reported an asymmetric ring expansion of achiral cydohexanones with enantiopure hydroxyalkyl azides to 
give enantioenridaed caprolactams {Org. Lett 1999, 1, 495 and /. Am. Chem. Soc. 2003 ASAP). Cne of his reported 
transformations is illustrated below. The paper indudes related examples with other 1,3- and 1,2-hydroxy alkyl azides and 
various cydohexanones. 



t-Bu 


Phi Pl3 



>3S^}telcf 

cSasiSfeaselecfian ^5 


Provide a plausible mechanism for this reaction. Your answer should indude three-dimensional structures that 
rationalize the observed stereo selection. 
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P|-q|^| 0 IY| 252 Contributer: Carl A. Morales 

Citation: 

Keywords: Addition 

Giv^7 Ihi' mai(.ir prx^duct Itir earih thf kilbwinp rcactifiti}; iind ytnir choLn?. Where given a iMi^le 

L-nanlicmeTr ppciliri. lilt' absLNluie stLTL-<ii['h<jmistry. When; given riCL-nrit; sUirLmj^ mi]|4:riL3|, prL-;diel ihr ■'t:|^LiV(; 
rilerunch^^miHli'y. 


TMS''^ 


O 

JL X LiAIH^-TICL, 

Ph'^Y^Ph - 

Me 


M(ai)^ 



Zn(Qhii)2 



MeOjC COsMe 


.OH 


MejN(AcO)3BH 


Problem 273 Conthbuter: 

Citation: 

Keywords: 


Carl A. Morales 

Tetrahedron Lett. 1994, 35, 8377 
Addition 


One tif the reflHons that CrignHind reag^'nt^. ran wive bNh and nutlwphiLes depending tm (he KubstratL'?; 

ennnuntLTL'd. d L'm^in^triilt.' yourcNi^niifi^nr^ thl.^ rht.'mlrjl bL;h^ vic^r by pmvldlng s thLnjghLfnl mtirhani^iTn 

ku thL‘ lrjn‘dormatiL>n boLi^^v (abiiif; ^tL:^LS.ie]iL:[tiLcal CLvni^iddufatiL'Kiw LtitL> ai:i:ount. 



1 ) Bu Mg Br {excess) 
Et^ 


2 ) ajqU'SDUs workup 




''X'" 

Me Me 


Bu 


Problem 280 contributor: 

Citation: 

Keywords: 


Jake Janey 

Angew. Chem. 2003, 42, 2534-2536 
Addition 


J. S. Johnson has reported away of forming a-hy droxy ketones by a cross condensation of an aldehyde and an acyl silane 
catalyzed by KCN/ [IS]crown-6 (A7^ge^i^. Chem. Int Ed., Engl. 2003, 42, 2534). This reaction is quite general for folining a 
variety of ct-hy droxy ketones. Provide a plausible mechanism for this cyanide catalyzed reaction. 


LJ u 

A ^ A 


cat. KCN/[18]crov»n-6 



OSiEt, 
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Problem 300 Contnbuter: 

Citation: 

Keywords: 


Keith Woerpel 

Tetrahedron Lett 1997, 38, 9043 
Addition 


liiiioinenth'one (7) has been subjected to the fallowing reactic^n (J. M. Gardiner, Tdrdhedron Lett 1997, 3S, 9043), 
Provide the product of this reaction, including the stereochemistf^^ at all relevant stereogenic centers. Draw a 
transition structure that dearly indicates how this stereoisomer is formed. 



1. LiN!-Pr;,(1.05 

equiv), 


2. p'-PrCHO 


C^^H2^,02 

^97:3 ^dedivih} 
S(> - 97% ykid 


Problem 302 Co^tributer: 

Citation: 

Keywords: 


Keith Woerpel 

J. Am. Chem. Soc. 1997, 119, 2066 
Addition 


West provided sev<^raJ examples of an one-flask annulation reaction that provides bridged bic}"chc products 
with high diastereoeselectivitj' and yield {T\G. West /. Am. Chem. Soc. 1997, 119^ 3066), Provide a mechanism 
for the following example, 



-1- 



feSO^Me 


MeCK, reRux, 0.5 h; 
Et;,K, reflux, 0.5 h; 
AcOH, reflux, 0.5 h; 



Problem 309 contnbuter: David A. Evans 

Citation: SynLett 1993, 696 

Keywords: Addition 

The indcated defins luefie subjected to hydnoboraton tiMdation as shown [SynfgtT. 1993, 69S). 


EUcfTHF 




Hexanes 

Me 

then l-laQi 


EhtfTHF 

r^p 

Hexanes 


then ht^C^ 




Me 


Pa^t A. Please predetthe rmajor stnedsomer obtained from these reactioris and illustrate your predcions ujith clear 
3D daujings. 

Pa't B. Hease also explain the faetthat E suffers reduc^tie ring opening while A does not.. 


Problem 310 contnbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Org. Chem. 1972, 37, 4090 
Addition 


Sisti and Qtale [J. Op. tfiew. 1972, S7. 4090) have reported that cis chlorodecalone f1) was treated with 
methyllithium and a mi xtire of stereoisomeric alcohds was isolated. When this mi xLre of alcohds was converted to 
the derived magnesium alhoxides and heated in benzene, tie ring contracted product (2) was isdated in 4S% overall 
yield. Itis interesting that none of tie trans methyidecalone (3) was observed. 



Pa-t A. Rationalize the formation of 2 from both diastereomeric alcohols derived from 1 . Please use carefully rendered 
three dmensional d-awings te illustrate your answer. 


Pa't E. Explain why the indicated alhoxide does not lead te the formation of 3. 



H 3 H 
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Problem 311 Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1986, 111, 1923 
Addition 


The iodne-induced transfomna^or shown beiow is a hey stepin the Williams synthesis of croomine 989, 1 ff, 

1923). Gven the stereochemical outcome of the illustrated transformaton, propose a detailed mechanism for this 
reaction sequence. Williams has necentiy provided anotierclosely reaction of the same design (Off. L^2003, £( 



Problem 328 conthbuter: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett. 2002, 4, 4547-4549 
Addition 


A synthesis of the hydrocarbon pentalenene was recently disclosed by Paquette and co-worhers (Off. Lgtr. 2002, 4. 
4547-4649). The pivotaJ reaction cascade thataflbrds tie pentalenene core 1 is illustrated below. 



' Fary iaiafyafy a 

Please provide a mechanism for tie reaction cascade tiatresults in the production of the tricyclic core 1. Your 
answer should include clear 3-D drawings where relevantand should clearly identfy intermediate X. 


Problem 329 


Contributor: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 2003, 125, 11456-11457 
Addition 


P. A. Evans and co-worhers have recently reported a hi^ly diastereoselective approach to the construction oflinhed 
tetrah ycto pyran s (74C^S2003, J25. 11466-11467). Qte of their cases is illustated in Eq 1. h tiis transformation B&q 
is employed as a mild Lewis acid. 


( 1 ) 



A single diastereoisomer 
diastereoselection 5:95:5 (73% yield) 


Please provide a mechanism for the reaction cascade that result in the producfon of the illustrated product. Your 
answer should include clear 3-D drawings where relevantand should provide tie stereochemisty of tie m^or product 
diastereoisomer. 


Problem 330 Co^tributer: 

Citation: 

Keywords: 


David A. Evans 

Tetrahedron 1999, 55, 8883 
Addition 


Chiral au wiiaries (Xc) are routinely em ployed to control the absolute stereochemisty of tie addton or organometailic 
reagents to imines (Step A). A design requirement of these controllers is that they may be readily cleaved after the 
addition step (Step B). In the two pjarts of this quesfon posed below are presented two well-established chiral 
controllers thatemploychelate organization as an integral partof Ithe chirality transfer process. 



R'-M 
Step A 


K|--Cil^D 


chemisty 


R" 


Pa't A. Provide a mechanism for the following transformaton reported by BIman and co- worhers. [Taf, 1999, SSS3). 
Include a clear transition state representation that predicts tie m^or procluctdiastereomer. Clearly illustrate the tie 
absolute stereochemistry of the product. 


0P H 

MeaC-^*^N^ ^Fh 


Etlyy^B- 


QD Et 

©S. A. diastereomer ratio 92:3 

^Fh 
H 


Pa't B. The following stereoselective transformation has been reported by Fujisawa [Cfyem.Lait. 1991, 1555). 
Gven the stereostructure of the product, ratonalize the stereochemical outcome. 


Eh 


E-h 



OMe 

HW diastereomer rato ^7:3 

R-'^R" 


27 of 55 


7/5/2007 9:20 PM 











SEARCH BY KEYWORD - CCB Challenging Problems 


http://daecrl.chem.harvard.edu/cgi-bin/problems/search3a_byKeyword.cgi 


Problem 333 Contnbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1980, 102, 5955-5956 
Addition 


Evans and Mth have reported reported the short approach to tie synthesis of the morphine sheleton 980, 

JCe. 0996], 



Morphine alkaJoid 
skeleton 


Provide a mechanism for this interesting tansformation . 


Problem 334 


Contributer: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 2002, 124, 10298 
Addition 


The development of chiral variants of the Stetter reaction is a currentotjective in the chemical literati re. Such a study 
has been recently reported by Rovis and Oo-uiortiers (2002, J24. 10298). In the presence of 20 mol percent of 
triaiolium salt 1, and an equal amountof KN[TMS)i. 2 is transformed into 3 in 94% yield and 9S% ee. 



Provide a mechanism fcrthis rearrangement in tie space below. You do notneedto account for the absolute 
stereochemical outcome of this reaction in your answer. 


Problem 337 Co^rlbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1986, 108, 8313 
Addition 


Helquist has reported the interestng enolate-based ring-terming process illustrated below (JACS'1936, JOS. 3313). h 
this experiment the IVteMgBr was added to the cycio propan on e hemihetal. The cyclohexanone enolate (2 equiv) was 
then cannulated into the reaction vessel. In addition to the indcated product 1 , -14% of the cyciopropanone aldol 
adduct 2 was obtained. If 2 is treated under the stated reaction conditions, an 80% ofl is obtained. The selection of 
Mg (II) to medate the stereochemical outcome of this reaction is im portant. 



iy x-rsy cryfi3/fpsfrsyf>y 

Please provide a plausible mechanism for this tansformation. Use 3-dimensional representations where appropriate 
to illustrate your answer. 


Problem 339 Co^rlbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Org. Chem. 1987, 52, 4831 
Addition 


The C^-symmetric allyl borane 1 intoduced by Masamune [J. CRsn. 1937. 5S, 4831) has had an im portant impact 
on the desigt of chiral aldol and allylation catalysts. 


RCHO -H 




Provide tie absolute stereochemistry of the productof this reaction in Box-1. 
Provide a 3-dmensional drawing of the tansition state for this reacton in Box-2. 
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Problem 340 Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1999, 121, 686 
Addition 


The meric cationic Cu[ll) complex 1 is a chiral Leuis acid catalyst thatexhidt good chelating potential. The 

u^liiaion of 1 in the ca-6.ly7ed Muhaiyama aldol addition is illustrated belouj 1999, 686). 



Problem 341 Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Org. Chem. 2003, 68, 9747 
Addition 


The illustrated stereoselective Oignard additons to trityl-protected prolinal have 
recently been reported [JOC. 2003. SS. 9747). These additons proceed with 
ewcepfional stereochemical control. A clue as to the operatonal mechanism for 
stereocontrol follows from the observaton that the allylaton product produced by 
Oignard addton has the same stereochemisfry as the allylaton product produced by 
the add-jon of allylsilane^BFj OE-^. 







Problem 342 contributor: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 2002, 124, 827 
Addition 


Theillusfrated proline-catalyied lyyfannich reacton wasrecenty reported by B. List2002, ^24. 327).This 
reacton proceeds witi eMcepfional stereochemical control. 




35 mol% 1 


acetneDM30 1:4 
12 hr.rt 



Me 


92 yield, dr :=30:1. ee :=99% 


Provide a three-dimeni on al representaton of the transiton state for 
this reacton tiatratonaliies tie diastereo and enantoselecton br 
this process. Briefly identfy the transiton state stereochemical 
control element. 
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Problem 343 Contnbuter: 

Citation: 

Keywords: 


David A. Evans 

Chem. Commun. 2003, 3044 
Addition 


Lange rand co-workei^ recently reported the interesting e/ra/7^Staudinger reaction illustrated below ( Cfiem Comm. 
2003, 3044). The anticipated reaction product was pyrrole 3 while the observed product was 4. 



1 2 


Step 1: a) 2 LD A + 2; add 1; aqueous workup 

3 (Anticipated) 

Provide a detaiied mechanism tor this transformation. 



H 



4 (Observed) 

PPha, THF45" C, 24 h 


Problem 359 Contributer: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 
Addition 


An elegant en an tiodivergent synthesis of the potnt anti-tin gal reagent Preussin uas reported by Overman [JACS 
1994, 11241.). 



Bh 


Pa-t A. Provide a mechanism for the transformatiQn illustrated in Eq 1. Where stereochemicasi issues are involved, 
3-dmensional drauiings should be employed. 

Pa-t E. Provide a mechanism br the transformaton illustrated in Eq £. Where stereochemicasi issues are involved, 
3-cimensional drawings should be employed. 


Problem 362 Co^tributer: 

Citation: 

Keywords: 


David A. Evans 
2003 

Addition 


The two i Hu stated Mg l^-promoted Muhaiyama aidd reactons occur with high diastereoselectvity (Eq 1, £). In contast, 
only poor selectivity is observed in both reactions when Mgl^ is replaced with BFjOEti. Provide a transition state 
model that explains the formaton of the 3,4 syn product in (Eq 1) and the 3,4 anti product in (Eq £). Assume that the 
Eh and PMB protecting grou ps are chemically equivaJent. (Victor Cee, Ph.D. Thesis, Harvard Uhifversity, £003, pgs. 



O OH OTBS 

;Fr (1) 

0& 

3,4 syn product 

O OH OPMB 

FT 

OTBS 
3,4 anti product 



Problem 368 Co^tributer: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett. 2003, 5, 4113 
Addition 
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The fdlowing transformation was recentiy reported by Trauner and co-worhers Laii'. 2003 , 5, 4113D as a 

pivotal reaction in tie synthesis of specific members of tie guanacasfepene diterpenes. These natiral product have 
attracted interest as potent antiobotics against 3^f:t}yfoeoeeiJf at/ZBCs. 



Provide a mechanism for the transformafion illustrated above. 


Problem 369 Co^tributer: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 2004, ASAP, 
Addition 


The first example of a 'SI yl-Stetter reaction "will appear in the literature shortly (Scheldt. 2004, 125, in press). 

Provide a mechanism for this tansfcrmaf on. 



Problem 379 Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett. 2003, 5, 4807 
Addition 


Ivfhami and co-worhers have recently reported the illustrated aldol reaction {OfSfaf}se L&ft. 2003, S. 4307). This result 
was unexpected in light of the fact that the intervening (Z) enolate geomety was unequivocally estebished. The 
authors conclude that 'dipole effects"are responsible for the observed stereochemical outome. Please reproduce the 
authors' rationale for tie observed reacf on dastereoselection. 



83% yield. 81% de 


Problem 380 Co^tributer: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett. 1999, 677 
Addition 


Taheda and co-worhers have developed an eficient stategy for the syn ti esis of fused 5,7 ring systems by reacting 
acylsilanes with lithium enolates (Off. L^.IQQQ. 677). Although the 5.7 blcyclic product 1 is often observed, the 
nature of the enolate nucleophile can affect the course of ti e reaction. 



35% 2S% 


Provide a mechanism fbr the formaton of boti tie antici pa ted 5.7 bicycle 1 and the tricyclic hetone 2. 


Problem 381 


Contributor: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett. 2002, 4, 4739 
Addition 


In 2002 Roush reported the stereoselecfve syntiesis of tie C1-C12 fragment of Tedanolide (Ofgsnse Latt 2002, 4, 
4739). The illlustrated aldol reaction was employed. Provide a clear 3-D transition state which rationaliies the 
stereoselectivity of this reaction . 


O Otte O 1) Tia.,'PrjNEt OR OH O OKfe O 
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Problem 382 Conthbuter: 

Citation: 

Keywords: 


Jonathan Scheerer 

Angew. Chem. 2005, 44, 6038-6042 
Addition 


Provide a clear mechanism for the illustrated reaton. 



Problem 385 Co^tributer: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett. 1999, 1, 1427 
Addition 


The fdloujing one-pot Aldol-Tishchenho reaction reported by Morfsen [Offf. Leif.. 1999, '\427\ for the producfor of 
propionate su bstrates occurs iviti hi^ diastereoseiectivity. Provide a stereochemical model to explain the observed 
syn-anti product. 





1. LiO-/-PrC15 mol%) 
E^O, r.t. 


2. HaGH. CHaOH 


(2 equiv) 



diastereosefection 96:4 


Problem 386 


Contributor: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett. 2002, 4, 3087 
Addition 


A recent paper by Wood and co-ujortiers presented the one-pot transformatiori shown below (Op. L&tf. 2002 , 4. 
3087]. In the space provided, please propose a mechanism that explains the relative stereochemisty of tie product 
did. 



Problem 392 


Contributor: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 2002, 124, 10672 
Addition 


The following transformation was reoentiy reported by Leighton {J. Am. Soc2002, 124 10672). 



Provide a plausibie mechanism for this transformation in the space beiow: 


Problem 395 


Contributor: 

Citation: 

Keywords: 


Andre Beauchemin 

Tetrahedron Lett. 1992, 33, 4859 
Addition 
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Tl^ Hcck reaction is a powerful method to form G-C bonds and an efficient approach to the formation of quaternary 
caitjon oentera . A specificexampie is shown below(Madin and Overman, r^1092, 33, 4859). 




Conditions A : B 

Et3N(10equiv). toiuene, 110 *C 89:11 

Ag3P04(2equiv). THF, 66 “G 3:97 

1. Postulate a catalytic cyde for this reaction. 

2. Provide a rationale for the divergent stereochemical outcome. 


Problem 398 Conthbuter: 

Citation: 

Keywords: 


Andre Beauchemin 

Tetrahedron 2001, 57, 7449 
Addition 


The Heck reaction is one of the most powerful transition metal C-C bond forming reactions (Whitccmbe, et ai. 
200^, 57, 7449). A typicai exampie of this transformation is shown beiow. 




Pd(OAc )2 
Et 3 N. MeCN 



Provide a piausible mechanism for this transformation and illustrate the individual steps in the cataiytic cycle with a series 
of baianc^d equations. Nc^e:Pd(OA c)^ is reduced to form Pd(0) un(^rthe roadton conditions. Donc^ concem youfseit 
]Mti ttJis foduc^ion step 


Problem 402 contributor: 

Citation: 

Keywords: 


Phillip S. Baran 

Chem. Rev. 1986, 86, 875 
Addition 


Littie and co workers empioyed this stunning transformation in a series of studies directed toward tte synthesis of 
diketocoriolin B. (For areievant review see Ct?em. Pe\/. 1980, ^^875). 



Piease provide a mechanism for this transformation, accojnting for stereochemistry when necessary. 


Problem 404 Co^tributer: 

Citation: 

Keywords: 


Phillip S. Baran 

Organic Lett. 2000, 2, 2905 
Addition 


Leighton and Bio have recentiy disclosed the foi lowing approach to the core of CP-263,114 ( cy-g. Lett 2000 , 2905). 
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Problem 409 Contnbuter: 

Citation: 

Keywords: 


Dan O^Malley 

J. Org. Chem. 1977, 42, 3114 
Addition 


Tceylmethyl isocyanate (TosMIC) is a remarkable reagent deveioped by van Leusen and co-iworkers at the Univei^ity of 
Groningen. One use of this reagent is for the one-carbon homoiogation of ketones to nitriles as illustrated below {J. Org. 
C^m. 1977, 19, 3114). in the iliustrated appiication, Roush has appiied this methodoigy to his synthesis of dendrobine [J. 
Am. Chem. Sac 1900, 4, 1390). 


o 


NC 


H 


\ 

Ts"^NC 

"TcsMIG' 

/ 

steps 

Me—N 


5 equiv. tBuOK 
DME, t-BuOH 


(Roush) 

CO^Me 

^ [Me 

J''H 



Me-^ 

"Me 

LJ - 

Me-^^ 

'Me 


Provide one or more plausibie mechanisms for this transformation. 


Problem 413 Contributer: 

Citation: 

Keywords: 


Narendra Ambhaikar 
SynLett 1991, 241 
Addition 


KnSiker and co-workers Syn Lett. 1991. 4, 241) have reported the di aster eoselective annulatlon of 2-propanoy I imidazole with 
dimethyiacetylenedicarboxylate (DMAO) to yield the complex hetercfcycie shown below. 


3 equiv, 




Provide a detaiied mechanism for this reaction 


Problem 434 


Contributor: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 2001, 123, 11829 
Addition 


Charette and co-workers recently reported a creative approach to the enantioselective synthesis (i-substituted piperidine 
derivatives illustrated below (JACS 2001 , 123, 11630). The alpha regioselectivities are generally >10:1 while the alpha 
diastereoseleclions are reported to be >95:5. Provide a detailed mechanism for the overaii transformation Provide a 
rationalization tor the stereochemical outcome of the addition reaction. Three-dimensional drawings that illustrate 
chirality transfer should be provided 



diastereo&eleclion 

>95:5 


Problem 497 Co^tributer: 

Citation: 

Keywords: 


Jon Scheerer 

Organic Lett. 2003, 5, 451 
Addition 
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During me ss^nmeaB of Ihe arm-tumor agent Waol A, Snider (Org. Lett. £003. 
5(43; 4&f-454) eixJ ooyworfcers pnepaned the diaslefeomerio aldol adduols A ard 
B. Theae BubatraleB jndar^Affint icKjisBlhQrificBliDn at vastly differert rataa. In 
l^t. to ^hiova sijllioiant oonvorslon a mwo roaollvo lodo4iium roagani (btsfsym- 
collidldne) AgPFn) was nseessary. Pteaso ptovid^ a met:rf>anj!errr fot itfw 
reacJtorrs iA to A' and B to B') maf sccomts for me observed seSecJivfty and 
dfdereoce in rate, 3-rtimensterra/ fepresentaiiofis are required 




HO'^ 

WaolA{FD-£1l) 


Condllions: 

a) I 2 , NaHCOj = 5% canv 
bj I2 ^ = ZB% yield 


AgPFj 



Problem 581 


Conthbuter: Ben Hafensteiner 

Citation: Heterocycles 1993, 36, 223-229 

Keywords: Addition 


Sulfur oddities have intrigued chemists from the time the odiferous yellow compMund was discovered Here is problem derived from an investigation 
into eiemental sulfur chemistry by the Purelic group of the Universita di Cantania (Heterocydes, 1993, 36, 223-229), 



Provide one or more plausible mechanisms for this transformation identiflying all intermediates. Also, identify the active sulfur reagent in the 
above process. 


Problem 628 


Contributor: 

Citation: 

Keywords: 


Jon Scheerer 

J. Am. Chem. Soc. 2004, 126, 13608 
Addition 


A one-pot procedure for the enentiosolective addition I diastereosele<?tive epoxidmiori was recently developed in the 
iBborBlories. of PBtrick Wal&h (JACS, ZdOil, 125, 1350S.). Thi& mellindDkigy can directly prepare up lo 3 cantigiJDiJS 
stereocenlers Please provide a mechanism for this- transformation and predict Ihe stereochemistry of Ihe product 
Your anwEBr should use 3-D reprsBenlalions and highlight intarmediate A. axygen is known te fosarf into 

org^pozirtc spectes, formteg zmc peroxides wd fi'teniwm c^n frartsmefaftete wrtd ztee. Tt\e orQ^nomeiettic aspects of 
ih\s que-'slian fnaybe de-emphasized m your answEir J 



i^T" ii> 0^(1 aim) 

M& Me 1 equiv ill) TifOiPr)^ {£b moIX) 

ZjiEt^CJ.I egulv), 

H-MIB(4 tu(A%) 



OH 

IVfo 


90% yield 

e&%ee 


Problem 630 contributor: 

Citation: 

Keywords: 


Emily Balskus 

Tetrahedron 1995, 51, 9413 
Addition 


The Paterson group used the following reactiori sequence in a synthesis ol swinholide A (Tetrafiectem, 1W5, 5?, S-ttS}; 



Pan A,. Provide the snuclute of inleimedlate A and the mechanem for lls formallon. Predict and aicoouni for the 
stereooheniistrvof A in your meohanistn. Include 3-D drawings when relevant. 

Pan B. Provide a mechanism Ih Iha Icrmation or the Nnal produol From informodiala A. Pradlol and acocunl for 
the sleceochemistry of Ihe pfoduet in your mechanism. Include 3-D drawmgs when relevant. 
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Problem 631 


Contributer: 

Citation: 

Keywords: 


Jon Lawrence 

Organic Lett. 2001, 36, 2533 
Addition 


Haimata aral co-workers reported tbe following inleresUng transformation (Org. Lett 2OT1, 3. 2533.) Please provide 
0 mechanism using 3-D representatiorts where appropriate. Please identify inlermediate A and assign the relative 
-stQrecctiemiQtry al Hie pncKluct. 



P|iQ|^| 0 IYI 090 Contributer: David A. Evans 

Citation: 

Keywords: Addition 


In Itie Ph,D, thesis ot Dart fHarwd Univ 1&95J. a systematic study of double slereodiflentiating aldol reactions was 
urKlarlaksn. The anti-conligured chiral aldebyde (1) stiowad impressive aetadivily (d.r. ^ : 1) Far Iba aldol addrlkiri 

ol in& dltyclohexyl boron enolate derived Irom ethyl Isopropyl kelorie (Eq 1). 



RCHO = 


t)(Ch)f)jBCL MElj, D 'C 


2) RCHO, -78 "C 
O OTBS 


"'Vy 

Me Me 


IVb 

( 1 ) 


0 OH OTBS 

<e,i= 

Me Me Me Me 
77%, d.r. s 99:1 


Please predict the major dlasleronrer and provide a rationale lor the selectrvity. Use of 3-D drawings Is required. 


Problem 697 contributer: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 2004, 126, 14379 
Addition 


Bode and co-workers reoenlly reported a new melhod tor forming y-butyrolactones from a^tt-unsaturated aldehydes in 
the presenoB of catalyllc anwjnla of btsBrylimidazollum salts and base i,JACS, 2CH4. 13$, 14379)- 


Ci0 i a mol % 


7 nKil% DBU (base) 

THF7j-BUOH. rt 

n 

Propose a mecTiarlsm lor this transformation that accounts lor the use of catalytic amounts ot salt. You do not 
need to explain the observed product stereochemistry in your answer. 




Problem 700 


Contributor: 

Citation: 

Keywords: 


Jon Scheerer 

J. Org. Chem. 2002, 67, 5378 
Addition 


The lollowing transformglion of serratinine into serratezomine A was recently carried out in the laboratory to support the 
postulated biosyniheais of the Lycopodiunj alkaloid [JOG. 2M2, SI, 5373). Please provide a machanism lot the reaction. 



Problem 702 


Contributor: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1994, 116, 4979 
Addition 


An elegant synthesis of Itie terpene perovskone has been reported (Majetidh. JACS. 1994. ff&. 49'79',). Please 
provide- a macharism Ibr this trarsformaticn making sure to explain relevant Iransiticn slates with 3-D illusbation&. 
Eii (EwQpfum) fanciioning as a Lew^s aerd cafai/ysf.' Amber/ysf-^S is a (erotic acid) 




i)eu£reid)3.45 ’o 
2>Amberly&t 15. CHsGI; 



57% for 2 sleps 
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Problem 716 Contnbuter: 

Citation: 

Keywords: 


Michael DeMartino 

Organic Lett. 2001, 3, 1359 
Addition 


During the course of studying the regioselectivity of cy cl opropanecar boxy late ring openings, Ohia and coworkers discovered the 
transformation illustrated below {Tetrahedron Letters 1995, 36, 5603) When coumarin 1 was treated with excess (2A eq) of the 
Corey-Chaykovsky ylide, an unexpected product 2 was generated in 64 %. This new reaction has been applied to the first totai 
synthesis of (±)-linderol A {Org. Lett. 2001, 3, 1359) 



Provide a plausible mechanism for this transformation The authors provide two different mechanisms (one in each of the 
aforementioned references), but did not attempt to prove either. 


Problem 729 


Contributer: 

Citation: 

Keywords: 


Jon Scheerer 

Angew. Chem. 2004, 43, 1126 
Addition 


TTie lollowing multhcomponefnt, one-pol readion was recenlly reported by Fleming Cbero. int Ed. iW4. 4S, 

1126.}. This Is ah impfassi>i« reajdlon lor hvo sp«clllo reasons; 1>, only a single dlaslsrsomaf is ot^n/sd: 2>. Ihs 
reaction appears to be general for an ajray of Qrigriard reagents and eiednephiles. 

p/\5wve a mechahJCaffli fot Ww reaeftort iha? Jfw- stefSiKetectiwly lof sisfy. 

p/ease tJse 3-D represenj^iions. {rscommerfd working on praWem bi-direciionafty from bofr? proc^jjcf amd sfaffrnj 

material' mlH yo\i ssa (fie oomtecdiliig tfsnsfofmaSiorts ^ 



Problem 730 contributor: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett. 2003, 4037 
Addition 


In a raoent total synihssis or Zincophotin mathyl aster [Otg. Lafl. 2003. 4037^, the telowlng tltanium-madiatecl alilol 
reaction was used to efliciently couple two large fragments, Prediotthe stereoehemisfryol the product and provide a 
steradoTiamlcal modal to support your prsdictioh. 



OTeSO OH 

MO lyte 
70%, d.r. 95:4 


Problem 734 contributor: 

Citation: 

Keywords: 


Regan Thomson 

J. Am. Chem. Soc. 2005, 127, 32-33 
Addition 


MaoMillan and oowjitkers have recenlly reported the following enaniioselective orgaixi catalytic reductwh of 
uhsatural^ ^Idshydas using a ohiral imlnlLim catalyst and Vta Hantzscfi sslar as tha stolen iomalrlo hydride sciurca 
{JACS. 20P&. f^7. 32-33,). 

Ptease prcivfdie a deiaiied feaahn macfraf5(jsm for this reduction and rathnaUze rfie obserwed sense £i/atiscite(e 
sterBDC^micai induciion. 



Problem 736 co^ibuter: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 2004, 126, 16265 
Addition 


37 of 55 


7/5/2007 9:20 PM 







SEARCH BY KEYWORD - CCB Challenging Problems 


http ://daecr 1. chem.harvard.edu/ cgi-bin/problems/search3 a_byKeyword. cgi 


Please piovide a mecTianlsm for the following iranslormatton recenty reported by Magomedov and co-workers (JACS 
atKM, 1 & 6 , 16265) Thiis is oreol^fiven cases neporied, Be sufi? dsssify my processes ihat iniervsrre. 


J ^ri-DU 

I 

O 




Problem 741 Conthbuter: 

Citation: 

Keywords: 


Jon Scheerer 

J. Org. Chem. 1991, 56, 2523 
Addition 


Please provide a medharism for ftie lollcwing franslcrmation UOC, 1.5ft 2525}. 



Problem 761 Contnbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 2004, 126, 8664 
Addition 


Hodgson and so-workers recently reported the highly diastereoselective cycl&propanalion iHuslrated below {JACS. 
Z004, T26, 3664). This intTBrnolBcular cydapropanabor appears Id ba ganaral Ibr five- as well as six-membarad ring 
fomalion. 



f-BuLi <jr 
LiTMP 



a dfasTe^oinsr regorfed 


(Part A}. Pvovlde an FMO analysis of a generic carbene-olefin addlllon. Make sure that the orlenlation of the carbenold 
relative to the olefin Ib clearly represented. 

jPan Bl- Based on the transition geomelry defined by the sieieoelectreonic effects illluslreted in Part A, predict the 
product staraochemislry. Illustrale. with 3-dimensional representafiiont Iha transition slate for this reaction and justify 
your prediction. No credit will be ^en for an unjustified answer 


Problem 762 Co^tributer: 

Citation: 

Keywords: 


David A. Evans 

Angew. Chem. 2005, 44, 1221-1222 
Addition 


Harrowven and so-workers recently reported the synUiesis colombiasin (Angteiv. Chemie fnt. Ed. 
200-S. 44. 1221-1222). The first series of steps begins with the union of the carvone-derived ketone 
1 and squarate 2 to form hydroquinona 3 (aq 1), Upon oxidation.and subsequent heating 3 is tA 
trBnslbnTied into colombiasin, please aleo see the related Problcin 7G3. 



X 


3 Bteps 


3 Nfe' 




a. t4^2] cycicaddlllon 

b, BFj^OBj 


Problem 7S2. Using your general knowledge of organic chemistry, illustate the reactions and reagents needed to 
transfoon 1 and 2 into 3, Please provide reasonable mechanisms for each of the steps 


Problem 763, In an earlier study, Rydhncvsky and oo-worfcers demonslrated that structures related to 3 (R. ■ Me) could be transformed innlo 
ttie biogeneticalty ralalad natural product aUsaptarosin (4) by treatmanlwith BF^HQEt^ (An^aw. Ed 2003, 42, 12!&7-12TD>. 



Elisapterosin (4) 


Provide a mechanism for this Iransfcrmalion. 


Problem 765 contnbuter: 

Citation: 

Keywords: 


Ryan Shenvi 

Organic Lett. 2004, 6 , 3191 
Addition 
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Based on the pioneering work of Murai {OrganofnetalUcs 1996 , 15, 901) and Fursiner (J, Am. Chem. Soo. 2000, 122, 6785- 
6786), Echavarren and co-workers {Qrg. Lett. 2004, 6.3191) demonstrated the interesting sequence of transformations 
shown below. 



PtCi?, PhMe, 
80 -C, 6 h 
84% 


DDQ, 

10:1 CHsCIsiHp. 

a 40 "C. 2 h 

60% * 



Please show the correct structure of compound A and delineate a mechanism for each transformation 


Problem 767 Conthbuter: 

Citation: 

Keywords: 


Karl Scheldt 

Organic Lett. 2005, 7, 515 
Addition 


Ring 9 Kpan signs can dnv^ rescticns to provide interesting products- In recent work by Min bide ^nd 
ooworkers (CV 13 . Lett. 2005. 7, 515), the cgmbinaticn of cyclopropane algtjhol C and aldehydes D affords 
the seven membered rings (E) with catalytic quantities of Leiwis acids. Provide a mechanism for this 
process that accounts for the observed cis-diastereoselectivity. 


"yV" 


Your Arswer; 



0.3 equiv AKOTDa 


CHjOls 



onl^ctE DbEerved 
50-70% [fiolcjs 


Problem 770 conthbuter: 

Citation: 

Keywords: 


Karl Scheldt 

Organic Lett. 2004, 6 , 123 
Addition 


Please provide a rationale for the stereoselective synthesis oi cyclic ethers in a single step shown by Sinha 
ai>d coworkers {Org. Lsff. 2004. 6. 123). Be sure to provide clear 3D drawing to account for the observed 
stereoselectivity. {Note. An excess of Bu^BOTI (> 2 equiv) is necessary for the reaction lo proceed.) 


Your Answer: 



Problem 772 Co^tributer: 

Citation: 

Keywords: 


Karl Scheldt 

J. Am. Chem. Soc. 2001, 123, 10942 
Addition 


In Amos Smith's synthesis of the natural product, phorboxazole, (J. Am. Chem. Soc. 2001, 123, 10942) 
the following acetate F was treated with ZnCI^ and an enolsilaneto atlord pyran G Provide a mechanism 
for this reaction and indicate what Is the predominant diastereomer by providing a detailed depiction of 
the transition state. Assume an aqueous workup ot the reaction. 



Your Answer -ono hwr^r" 


Problem 775 co^ibuten 

Citation: 

Keywords: 


Ryan Ashok Shenvl 

Angew. Chem. 2003, 42, 1955 
Addition 
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In a study of ttie Pd-mediated coupling reaction of 2.3-allenoic acids with fi3-1-alkenyl halides, compound 1 was formed as 
the major product in 58% yield {Angew. Chem. tnl Ed.. 2003, 42, 1955). When the deuterium labeled substrate 2 was 
subjected to the same reaction conditions, product 3 was obtained in 52% yield. 



Propose a reasonable mechanism for the transformation that ejcpiains the fate of the deuterium atoms. 


Problem 784 Conthbuter: 

Citation: 

Keywords: 


Ian Fleming 

J. Org. Chem. 1973, 38, 3462 
Addition 


Primary ammes on inealment wilh nilroua acid give diazonium iorts. Tbese reaclive inlermediates are only iaolated 
when the amine is aromatic. Witfi alipiiatio amines, ttie diazcnium ion is a readive intermediate wtiich usually 
undergoes aliminatiofi or aubslilutiori reactiorB, sometimes precaded hy nation ic rearrangemenl. TTiiB was Itw roeult 
With the priita/y amiri& A wTi&n the r^actiofi wae carried out irt acidic eolutlcfi; unsaturated kelivia B was trie 
ma|or product Liu and P. Ko^aeic, j. Qfg. Cfiain., 19(73, SB, 346(2). 



nowevef, Liu and Kovaac tound that, wrier the amount of acid was limited to one molar equivalent. ITie major 
product WBB the salurBied ketone C. 


O O O 



Account for ttie formation cl ttte ketcoe C 


Problem 786 contributor: 

Citation: 

Keywords: 


Robert M. Williams 

Organic Lett. 2000, 2, 1661 
Addition 


Hoffttian, etal.. reported the interesting ring ejtpansion reaction of azabicyclo[2.2.2Joctane3 as shown below. Please provide a 
nnechanistie rationalization for this transfornnaiion. Note that complete stereospecificity is observed from the two diastereomers 
quincorine and quincoridine; your mechanism should account lor the observed stereospecificity. 

[Roper, S.; Fraokenpohl, J.: Schrake. O.; Wartchow. R.: Hoffmann. M.R., Otg. Lett. 2M0. 2,16S1: Roper, S.; Wartchow, R., 
Holfmann, M.R.. Org. Lett. 2002, 4 3179) 


K 

quincorine 7 


t. MsCI, EtjN, CHaCb 


2. L1I. diftji, A 

3. AgOez. MeOH. 60 



LL. 

quincoridine M 


t. NbCI, EtjN, CHjCIe 

2. III. dlHQX.. A 

3. AqOBz. MeOH. 60 'X; 



Problem 789 Co^tributer: 

Citation: 

Keywords: 


Ian Fleming 

3. Chem Soc (C) 1965, 226 
Addition 
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The W.W-dimellKyiefiamliie of isobulyraldehyde and metTiyl vinyl kelome react lo give Die dlhydrop^an A. When this 
wmpound was Irealed with me(tihyliTiagnesium iodide, it gave ttie ketone B. tmt, wt*en it was trealed with 

ph€r¥yllilhium, i1 gavB Ihs bIddIidI G {BdluBlIy a mixture of two diBslenecisomerB] (1. Flemirg and M. H. KBrger, J. 



C 


What are the pattiways to these compounds, and explain how a ketone can be the product of a Grlgnard 
neadion? 


Problem 790 Co^tributer: 

Citation: 

Keywords: 


Ian Fleming 

Chem. Commun. 1995, 1197 
Addition 


The $ulloxld« A isomorlzo^ to the mixed acetal B m traalmant with acid (H. Ahe. J. Itani, C. Masuharl. Kashino 
and T. Harayama, Chem. Commun., 1995,1197). 



Explain this result. 


TsOH 


xylene reflux, 1 h 



B 


Problem 791 Co^tributer: 

Citation: 

Keywords: 


Robert M. Williams 

J. Chem Soc (C) 1971, 1189 
Addition 


Safe and Taylor demonslrated with the aid ol CD spectra that, phosphine-mediated desulfurization otthe opflcally 
pure gliotoxiri mndal spidilhiap^erBzinedicirkB 1, lad to Ihe gpimonothiapiperazinadkiriB with itiB opposite 
attsoMe ooiftfgpranonyi that or 1. Provlda a dslail&d mechanism that carslully aooouhls ter Ihe stereochemical 
inversloh. (Sale, S.; Taylor. A. J. Chem. Soc. {Ch 1971, l las). 



Problem 801 contributor: 

Citation: 

Keywords: 


Pavel Nagorny 

Angew. Chem. 2001, 40, 4709 
Addition 


□sniBhefEky snd coworkBrs reported lhat the JV-bnomciEuccinimide-iriduoBd spiroketBlizBlion af tierizofLirBn A 
affords the spiroketal B as a single diastefeomer {ACtEE, 5901,40, 4709}. 



Using dear three-dimensional drawings provide a mechanism for this reactioh and predict the stereochemistry of 
■he producl B Bb Bure la mdicBte any importBnt steric or sterBoelBcfrcnic effBclE. 


Problem 805 contributor: 

Citation: 

Keywords: 


Karl Scheldt 

J. Org. Chem. 2005, 70, 8977 
Addition 


This reaction below was employed by Sato. Asao and yamamoto in the synthesis O'tthe antibiotics (+>-njbiglrone 
Be and (+)-ochromyclnone ( J. Ofg. Chem. 2005 ASAP). Provide a plausible mechanism tor this reaction. 
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Problem 806 Contnbuter: 

Citation: 

Keywords: 


Robert M. Williams 

J. Am. Chem. Soc. 2000 , 122, 1215 
Addition 


During Merck's developmcmt of compounds for the Ireatmemt of HIV, efavmefiz ^* 1)1 a rtonnocleoside reverse 
IranscriptasB inhibMor, wbs pursuod as a Isad compound Tor the InaHimerti of Ihis inleOlian. To Ihie end. a proceae 
synthasls davelop&d employtiTg Ihe ofitlcaJly acllv^ alcohol 2. It was anticipated trial traatmoni cl 2 with GDI wculd 
artord tlta intyl protected atavirariz (1 b). Hcwcvai'. Ihc indola 3 was observed In high yield. Please provide a detailed 
mectiarism describng ttie formation of Ihte tetracyde. (Frey, L. F.; Tlllyer, R. D.; Ouellet, S. G.; fleamef, fl. A.; 
Gretwwski, E. J J.; Reider. P, J. J. Cfjem Soc. 2000. }22, 12T5). 



Problem 807 Co^tributer: 

Citation: 

Keywords: 


Robert M. Williams 

J. Org. Chem. 1998 , 63, 44 
Addition 


Padwa reporled the aiiefesling reaction of Ihe W-alkylated indole 1 to provide 1t»e hexacycle 2 when treated with 
dibromo-maloryl dibromide in tha praBonce of zinc dusl. Provida b mechanism, (ref. PadwB, A.; Hairing, SR-I 
Semones, M.A., J.Og.CfTefTT. 1008, SS, 




Problem 808 contributor: 

Citation: 

Keywords: 


Robert M. Williams 

J. Am. Chem. Soc. 2003 , 125, 15796 
Addition 


In a fresh approach is aoe^ Ihe skeleton ol the mitomyc«is,Vedefs and oo-workers report the followiivg iranslormation. 
Provide a delailed machanism that accDunla Par this Iransformalion. (JACS2M3. 125, 15796). 



Problem 813 Co^tributer: 

Citation: 

Keywords: 


Regan Thomson 

Angew. Chem. 2005 , 44, 2259 
Addition 


The key step in Sh air's total s^thesis of CP-263-i 14 involved a one-pot synthesis of Ihe bridged bicyolic system 
using a caacada seguanca inibalad by a Grignard additkin 1o a ^Vkalo ester. During Itia course af these studies il 
was found Ibal iP Ihe raacticn at enanliopure |t-kafca ester A was allowed to proceed a1 room temF^eralure lor 12 h 
then the producl 8 was obtained as a single diastereomer but as a raceme miKture. 



enantiopure racemic 


Using cl^ar thra^-dlm^nstonal drawings pfovidd an overall maertanism lor ina iranslormation shown above that 
accounts tor both the ob^rved diasteroselectivlty as well as the formallon ot the product as a racemate. 


Problem 818 


Contributor: 

Citation: 

Keywords: 


David A. Evans 

Tetrahedron 1986 , 42, 2993-3001 
Addition 


The followirig ene reaction has been reported by Whitesell iTefraftecfran 188$, 42.. 2993-3001) Predict 1f»e absolute 
slereocnannlstry ol iha product and draw tha uansiticur stale that best rationalizes tha sense ol esymmatrlc indudicn. 



SnCU 
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Problem 819 Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett. 2000, 21, 3393-3396 
Addition 


The 1olli?wir»g helefoconjugale addition reaction has been reported by Sibi( Org Lstt. 2000, Prediot 

lti& absolulgi st^r^didiiiistry cl product and draw Ih^ tvanslMofi stala that ratianallza^ lha aai'isa of 
agymmeiric irduction 



D.3 Gciuiv Mg(CI04)j 
ti ligand 


PbCHjMHOH 


IntermcdiateX 




60% yield. 9S%ee 


Problem 820 Contnbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1996, 118, 4322 
Addition 


Predict the stereochemical outcome for each otthe illustrated trarisformallons. Draw the major product dlastereomer 
in the box provictecl. 


Part A; (3 points) 


OTES 


OTMS 



MejAia 


Part B: (3 pointa) 



OTMS 



EFj’OEtj 


PatlC: (3 ptiinla) 


OTMS 



Mb 


Part D: (3 points) 


O OBn 


OTMS 



EFs*OEta 


Part E: ^3 polbta)' 


OTBS 


RjEH 

MejAICI 


Problem 823 contributor: Regan Thomson 

Citation: 

Keywords: Addition 


43 of 55 


7/5/2007 9:20 PM 














SEARCH BY KEYWORD - CCB Challenging Problems 


http://daecrl.chem.harvard.edu/cgi-bin/problems/search3a_byKeyword.cgi 


For of the follcxwirrg aWol reactions provide Ihe major produd that you weuW expect to lorm under the given 

condition's. Provids Itie eKpsctsd slereccttomicBl culcomB 



Me 


Problem 824 


Contributer: 

Citation: 

Keywords: 


Regan Thomson 

Tetrahedron 1986, 42, 893 
Addition 


Using clear a-dimersional tnansiiicn representaiicns, predict the C'Mpected sterecchennical ourceme for 
tti 9 following Mukaiyema a Idol nsactions wtwn using eacti of ttie two indicated Lewis acids. 



P|-qU| 0 |y| Q26 Contributor: David A. Evans 

Citation: J. Am. Chem. Soc. 2005, 127, 18296-18304 

Keywords: Addition 


In a JACS ASAT article Ihgi recently appeared on the wep, Jorgensen and oo-worKeie 
tiav6 raporttid mat aiitln« 1 is ^xcalteriit c^lysl Tor the onantlo^l^^ o- 
luncllonatlzaDKin of aldehydes with electrophiles. In all Instances, Ihe sense of 
asymmetric induclian is Itie same. A typical reBclion ia shown below: 




95% M (F = tiFr) 




Pan A. (Id Points). Prociotthe sense of asymmetric induction and prmide a 3-dimensioral drawing to support your 
pnsdkrtion. 

Part B. (5 Poirrta). Explain why tbe iminium ion inlermediata does not raoamize unrlar the ne^itkin condrlions. Illu&lrale 
your answer wtih a graphic. 


Problem 829 


Contributor: 

Citation: 

Keywords: 


Regan Thomson 

J. Am. Chem. Soc. 2003, 125, 4990 
Addition 
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TTie pnenyi group is an essential unit in tt»e biosynthesis qI terpene natural products. Due to the large number ot natural 
products ttial contain this moiety, mettwcls for its selective introduction into molecules are highly useful ioh and 
Cheng have deacibed a gerural ra^ioaelBclive end highly enantioselediva prenylaikm of aldehydes, as shown below 
{JACS 2003. t25,^9Q0). 


0 



R = Aryl, alkyl 


Oh Oh 




TfOH 
h^arH, n 


OH 



7S% y/eWt e7'99% « 


Please provide a ganaral mechanism tor Ih^ inlaresllng reaotion end using eJoar Ihree^liironsionaJ drawings predict 
the aftsotule slereochemtcal outcome. 


Problem 830 


Contributer: 

Citation: 

Keywords: 


Mohammad Movassaghi 

J. Am. Chem. Soc. 2003, 125, 12108 
Addition 


The conversion of thionocarbonate 1 to the lactone 2 was used as a key step in the prepaiation of an advanced 
internrtediaie toward the synthesis of podophyllotoxin {JACS SO-OJ. 125. 12100). Provide a mechanism for the formation of 
the product. 


(MegSijsSiH 



AIBW, PhH 
ao *C, 14h 


40% 



Problem 836 Conthbuter: 

Citation: 

Keywords: 


Mohammad Movassaghi 

J. Chem. Soc. Perkin Trans 1 1998, 1591 
Addition 


During stuides directed toward the synthesis of crinipellin A, curran reported an interesting caibonylative tandem radical 
cyclization {JCS. PT1. 1998 1591). Provide a mechanism for the conversion of tiiene 1 to tricycle 2 


MeO.C 





BujSnH 

AIBN 

CO (S5 atm) 
42% 



Problem 838 Contnbuter: 

Citation: 

Keywords: 


Keith Fandrick 

Organometallics 2002, 144 
Addition 


Rupert published the lollowing Irensfcrmatior in his etiort towards the synthesis of the Vertaeninideres (OrgiaiwmetaiWlics 
2 W2, 144),. 


Mo 

Ms 


Me 


1) Ar&OjfMHNH^ 

2) 2.2 equiv cBuLi 


CFaCOaH 




In the spajce below please provide a reascrtable rrtachaniam lor llie Iranalcrmaliaris ouKned above. Be sure to clearly 
Identify X. 


Problem 844 


Contributor: 

Citation: 

Keywords: 


Dennie Welch 

J. Am. Chem. Soc. 2002, 124, 9032 
Addition 
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The consiiuclion of pyrimidire ooreE fram [i^u-dibromo osime ElhEra was rsportEd by worterE in Japan {J Am. 
Cfifim. Sat. 2002, T24, 9032-3). Please prwlde a mechamsm tor Ihe reasHen twiiyw (1 to 2} and aceeuiK tor the 
stoichiDmElry of Grignand reegEnt employed to effect ifiE IranaformatiDn. 



{22. equiv) 
i7-BuMgBr 
-eax, o.5h * 
then -S3 ’C to rl 
67% yield 



Ph 

2 


Answer: 


P|-q|^| 0 IY| S47 Contributer: Keith Fanfrick 

Citation: 

Keywords: Addition 

The following reaction was reported for the synfhesis of subsliruted pyridines as shown below, Provide a reasonable 
mechanism tor the transtormation. Identify and deEcriba any peficyclic proceEEes that might be involved^Thomas L. 
Gilchrist, HstBfocycitc Chemjsdjy. 3*^ Ed. Longman Press: England, 1997]. 

CIsCCOjNa 

^ ^ 

Yocir Answers 


P|-q|<j| 0 IY| 350 Contributor: Pavel Nagorny 

Citation: 

Keywords: Addition 


During the preparation of epothilone analogs, the following alclol reaction was invesligafed by Oanishefsky and Zhang 
(Zhang. PftD DiBBertBiiofi, 3DA3]. II was noted that if only g.5 eguivalants ot the enanfiopure aldehyde 2 waa uaed then 
oltocJlug kinetic rasolutlon ct thg racemic kotono 1 achlevad cmty one onaritiomer or the anclato raaeJs). 


O OH O 


Me Mb 
1 (1 equiv) 


LDA <2 equiv].. then 


Mo 

2 (0.5 oquiv) 


O OH O OH 


^ rje Me ^ 

si'ngfe isomer 

O OH O 


f-BuO 


Using clear three dimensional representations please provide a rationale lof the observed resolulioni and predlcf the 
refalive sterecchemistry cf the aldol adduct iHfNT^ The endafe is liKelytc be chelated with the beta-alkoicy ^bstitjent}. 


Problem 851 contributor: 

Citation: 

Keywords: 


Regan Thomson 

J. Am. Chem. Soc. 1948, 70, 4216 
Addition 


Woodward and ooworkers reported The following base-promoled conversion of u-santonin into pciassium sanlanoale 
aa part of a daaBic natural product ainjctural datarniinalion {JACS I’fiAS;, 70, 4216)- In lha apace balcw plBaae 
provlda a concisa mechanism tot Ihts initiguing r^atranggniotit. 
f-Wnr.- Wofk cn (fre snslyss of iOis trsfistomsHon bf-dtreetKyisify. 


Ycur Answer 



KOH 



Problem 856 


Contributor: 

Citation: 

Keywords: 


Meredth McGowen 

Organic Lett. 2005, 7, 5921 
Addition 


Barriautt recenlly published The fclowing Lewis-ecid medialed reaction cascade as a strategy lo rapidly assemble highly 
functicnalized bic;^loalKaner*e5 iOf^, Lett. 2M5, 7, 5921). Using dear 3D representations, please provide a mechanism 
Ihal irtcludas a ralionalizaticn tor lha rafalive slerecchamiatry abaarvad in the product. 
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Problem 859 Contnbuter: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 2006, 128, 1040 
Addition 


Tlie Manriich reaction catalyzed by praline (A) typically pncjvides the syn adduct 1 witti higti levels d syn 
diaslerecconlnol. hlowevEf, Barbas arid cmvarkiars. tiavB recanlly napcrled that catalyst B aflards Iha carrasponding 
anu adduct s with tiign -saidctiviiy 2005^ ^28. 1Q4C). 




COjH 




PMP = p-metlxiKviJhenyi 


.- 6 ' 


u riM 


Et */« 


^PMP 




lEt 


R i 


Pan A. Please provide a dear depiction of the transilion stale leading to the fonnalion of the closerved syn adduct 1 
when using A. Your answer ahculd discuss the iaBuea asaociaied with the initially tanned anamine inlermediala, and 
tdentify all important control elements that deleimine enanllo- and dlaslereoseledivity. 

Part B. In oantrasl ta above, please piavida a clear dcpictian cl the Iransitian slats leading to the tormatkin at Ihe 
Observe anti prcdui:^ 2 wftan using B. Your an^sr shixild dlsocss Iha Issca^ associalad with the Initially formed 
enamlne Intermediate and Identify important control elements that determine enanllo- and diastereoselectivity. 


Problem 861 


Contributer: 

Citation: 

Keywords: 


David Lin 

Organic Lett 2006, 8, 601-604 
Addition 


While developing! a route to the syntheas of Erylhrina alkaloids. Padwa and colleagues encotinlered the following 
transformafiona (Org Lett MW, 5. 601-60J). 



Problem 863 


Contributer: 

Citation: 

Keywords: 


Karl Scheidt 

Organic Lett 2006, 88, 475-478 
Addition 


In Shishido's total synthesis of (■i-)-La3onolide A {Org. Lett. 2006. 8, 47547S) the following step is reported. 
Please pio^de a mechanism and account for the diastereoselctivity. 


Youranawar 



KH.(ElO)aP‘.^CC^Et 



,CO:iEt 


87%. yield, 
dri 14:t 


Problem 865 contributor: 

Citation: 

Keywords: 


Karl Scheidt 

Organic Lett 2005, 71, 3127-3129 
Addition 


Yamamoto has reported the lollowing aequence of reactions which proceed smoothly with the 
tris(trinnethylsilyl)silyl enol ether but not with traditional TIPS or TBS groups (Org. Lett. 20(^, 7. 3i27- 
3129). Provide a rationale for these observations that indudes a detaiied FMO anafysis. You do not 
have to sKplain the diasiteneoselectivify. HINT: This reaction is NOT a concerted [2+2) reaction. 


Q^Si(^Pr>3 



□AIC^ 

CHjCIe. -7e 'Xi 


Ma Reaction 


,a: 


SiMa, 


SiNtes 



EtAlCIa 

CH^Ij, -7Q '<3 


O 





0 



yield 
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Problem 867 Conthbuter: 

Citation: 

Keywords: 


Karl Scheldt 

J. Am. Chem. Soc. 1985, 107, 256-257 
Addition 



Problem 868 Co^tributer: 

Citation: 

Keywords: 


Karl Scheldt 

J. Am. Chem. Soc. 2004, 126, 1624-1625 
Addition 


Magoiriedov and co-workers recently reported a route to functionalized cycbhexenones through the ring 
expansion of cydobutenones. (J. Am. Chsm. Soc. 2004. 126. 1S54-162S). Please provide a 
nrtechanism for the reaction below which rationalizes the observed stereochemistry. HINT: Sulfinates are 
electron withdrawing, which makes <^-protona moderately acidic. 



Your Answer 



sirtgis 


Problem 869 Contnbuter: 

Citation: 

Keywords: 


Karl Scheldt 

Angew. Chem. 2005, 44, 3485-3488 
Addition 


Problem 872 conthbuter: 

Citation: 

Keywords: 


Jeremy Richter 

J. Org. Chem. 1993, 58, 5699-5701 
Addition 
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Problem 873 Contnbuter: 

Citation: 

Keywords: 


Carlos Guerrero 

Organic Lett. 2003, 5, 333 
Addition 


Problem 874 Conthbuter: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett. 2006, 88, 2957-2960 
Addition 


Trealment uf sarcnphylmide wth TMSOTf affordad itie 
illustraTed sromalic kelone as an unusual cyclizalion product 
Ofg. 0. 2957-206D. 

Provide a mectianiBrn far thiB irartsformelion. 



saroophytioKicie 60% ^ 


Problem 875 Co^tributer: 

Citation: 

Keywords: 


David A. Evans 

Organic Lett. 2006, 88, 3195-3198 
Addition 


Burnell and Thornton have recently disclosed the following base iiKJuced transformation (Org. Lett. 2006. 
S, 31&5-3.19S). The structures of both products were secured by X-ray analysis. 



major produc!. 83% minor producl, 6% 


Please provide a rational mechanism leading to the major and minor products. 


Problem 876 Co^tributer: 

Citation: 

Keywords: 


Ryan Shenvi 

J. Am. Chem. Soc. 2000, 122, 412-413 
Addition 


Professor Theixlore Cofien and co-wofkars have recently explored Ihe chemisiry of allylorganolithiiims: an inleresting 
example of this chemistry is illustrated below, (J, Am Chem Soc, 2000, i22, 412-413), 


t-BoQKf n-BuU 
(>2e<i), THF 
-50"C.2fi, 


LIBr, rt 20 


Please delineate a mechanism to arrive at the final produd. 



SPh 



Problem 877 co^ibuten 

Citation: 

Keywords: 


Karl Scheidt 

J. Am. Chem. Soc. 2006, 128, ASAP 
Addition 


Gin and co-workers 2006, 128 , ASAP) recently reported Ihe following set of transformations during the total 

synthesis of ttie anti-Leukemia alkaloid H-deoxytiarrington. Provide the mechanisms for the following series of reactions. 


^OH 

N-^ 

^ 1 

1. LiAIHj, HN(CHMe2)^ 

THF, 60 "C. 85% 


or 

U 

2.3-chlori>2-cyclopentenone. 
Et^N, THF, 60"C,64% 

0-^ 



100X, 67% 


Problem 885 contributor: 

Citation: 

Keywords: 


Christian Markert 

J. Org. Chem. 2004, 69, 8410 
Addition 
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The fcllowing reaijtion was found senendipitoiislv by Cronin y*iile altempling to functionalize the side chain of 
starting material 1 (JOC 2D04. S9, 5934, see also Tetiaheinn 2005. ef, a41CI>. 



90% R --CHaCHbOH 

PiDvide a plausible mectianism tor itie indicated transtofmatiofi. Your ans¥ver stiuulrJ irclode an explanation 
for the fomnalion cf 3 and a raiionalizalion for rhe living force for its formation. 


Problem 888 Co^tributer: 

Citation: 

Keywords: 


Pavel Nagorny 

Organic Lett 2003, 5, 1587-1589 
Addition 


Please predict the slerecxihemical otJtoome of the following reactions by fod/icajmig tfie 
Ploa£« uso cl&ar 3D drawings or Iho rolsvant conlormationrs to explain your prodicllon. 



rat(PPh3>3CI 


Hs. EtgN, THF 



Orj. Le^f. 2003. 5,1^87-1569. 


Problem 889 contributor: 

Citation: 

Keywords: 


Pavel Nagorny 

Organic Lett 2006, 88, 4557-4559 
Addition 


Please predict lt»e slereochemical otrtoome o^f the following reaction by tTOf^caifog tfie sieieocfwmisf^y 
Pfoa£« us« claar 3D drawings or lh« rolavanl conlormatioris to explain your pradlollon. 

diaslaneo selection 



Org. Un SOW, 5,4557-4559, 


P|-q|^| 0 IY| SQl Contributor: David A. Evans 

Citation: 

Keywords: Addition 


If an olefin SLKh as A experiences a facial bias, one may count on sleric effects lo direct Ihe course of a OsOq 
dihydraxylatiDn to the fB93 hindefBd oteftn diastefBoface (eq 1). ^IratsgicBlIy, it is limportant Id be ebta aocsaa the 
olhar ataroLXihemicBl opiion: ditiydraxylatiDr tram ttw more tendered oiefln disstBreofaoe. This stereocIwmicBl 
opiBoii may be Implemented thrcmgti tJie reaiclJon summarized In equation 2. This raactlon has been referred to as 
the Prevogl-WInsteln-Woodward dlhydroxylatlon. 


0 ) 




1. lj,A 40 AC 
AcOH/HpO 


2, KOH, A 



< 2 ) 


Provide a mechanism for the reaction Illustrated In eq 2 In tbe space below. Since stereociiemical issues are al 
stake, carelully rendered 3-D conform allonal drawings should be incorporaled into your answer. 


Problem 898 contributor: 

Citation: 

Keywords: 


Pavel Nagorny 

Addition 
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Pnedict Ihe pfoducls for ihe trarsformationa twlow provide mectianigms witti the epprofniale 3D models that 
explain your ansvier. 



ZS'W, 9:1 dr 


Gerasyulo. A. I.; Hsung, R. P. Org.Lstf. 2006, S, 4899-4902. 


^OH 

N 



fEkiMe^SiO 


OSiNbjJ-Bu 

or\> 


1> EtMgBn(2 equiu) 
2> Raney-U, 


> 20:1 * 


Bunch, J. D Pti.D. 7?7MV5, HarvardUniversily.2005 




(O.OS eqoiv) 
9B%. SSVt. ee 


Nugenl.W A 0^. Lett, 2002 4.2133, 


Problem 900 Conthbuter: 

Citation: 

Keywords: 


Pavel Nagorny 

J. Am. Chem. Soc. 2006, 128, 14050 
Addition 


Recenlly, the sequence of reactions cnitlined betow was used hy Corey el al. iJfiCS 2t>W, i2S, 14050) in tbeir route 
1o aelheliDlide A. Provide s imctiariam lor ttiia reaclion and axplain ttie alereochemistry of Ihe product. 



Problem 903 Co^tributer: 

Citation: 

Keywords: 


Christian Markert 

J. Org. Chem. 2006, 71, 840 
Addition 


Merck REsearch LabcratoriEarEcenlly reported the following preparation of epbedrine analoguea {JOC 200S. 7i, 04D>: 


0 

1a,h HN. 

X 


fl.Sequw AnOiPrjij, 
11 equiv. iPrOH. 
TcHuene, SO'C 


OH 

NHX 


la: X = BnOtC=0)-: dr ?■ 99:1 
1 tK X = p-MePhSO:-: dr = 3210 


Part A. Explem the rEacdcnB cf la-b using dear 3D-±B¥HngB. DiBcusa IhB role of Ihe nitrcgen substituErlB. 
Note that no racemizatiod was observed during Ihe reaction I 


Part B. Subjecting ether 2 to the eame condilionB, tbe syn-product wae obteined wilh high BelEclivity. ProuidE 
a 3D transibon state drawing that explains Ihis selectivity. 



0.2 equiv AKOiPdj, 
It aquiv. iPrOH, 





^ 5:4 5 


Problem 905 contributor: 

Citation: 

Keywords: 


Pavel Nagorny 
SynLett 2006, 14, 2191 
Addition 


In a recent report on studresdliected toward the synihesis t>l the dadlellins jClark er 
S>T?tel^2W$. £191) the depicted trarslorraalions were used to construct Ihe 
macroeyel& or lltophynln E. 

Explain itia tbrmatinri of B Itom A and C from B by drawing a mochanism tor IhosE 
transformations. 


Cuthtar^acfc 
40'C 
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Problem 908 Contnbuter: 

Citation: 

Keywords: 


mathieu Lalonde 

J. Am. Chem. Soc. 2006, 128, 15088-15089 
Addition 


The trartsfonnaiion ttepictedbelowwsra recently reported by Bode anti covworters U Aff}. Chem Soc. 200$. 150SS- 

15D80.). Prnvids a mechanism for Itiis tiansformalion that aDcnunts tor the observed relaltive slefaochemistry. The 
ab»olu1e sierewhemtslry of the pr<K*uci: fi<rt need to be ju$1iiied, 


G 



Cl 

1.6 equiv 


H,C 



1 (O.S II10l%Ji 
EtgNCl.S equivi 


0.2 M EtQAc, rt 




yield 


Problem 909 contributor: 

Citation: 

Keywords: 


Christian Markert 

Angew. Chem. 2004, 43, 1702 
Addition 


Tu 0 J‘ af. reported the following usEtuI con-sinidon that coold be ueed for a diastereoselectivE generatiori nf the 
illustraled bicyclic stfudxires wulTi quarternafy stereocenters. (ACIEE 2M4. 43.1702). 

1.2 aquiv. 


dichloTEethane, 

ii,6-i3ri 




Please predict stereechemisiry el the produci and provide a mechanisnn tTiat would support your predictions. 


Problem 910 contributor: 

Citation: 

Keywords: 


Pavel Nagorny 

Organic Lett. 2001, 34, 123-126 
Addition 


The Illustrated belc^ aldol adcktiDn reaction was used to coretruolttie core of 
natural product (-)-mEiiibsfflne-C (Psrkina, M. V.; Sampanr, R. A. Drg. Lett. 
2001.3,123-126). Provide Ihe steroochemlslry of Ihe produci and showlhe 
tTBrKiticiri stale of Ihis rEachnn wilh dsar 3D drawings. 


1)TiCl4, r-PrjNB 


2) O 





Me Me 

“yStVy” 


7DSt, > 95 % ds 


Problem 911 contributor: 

Citation: 

Keywords: 


Pavel Nagorny 

J. Am. Chem. Soc. 2005, 127, 15036-15037 
Addition 


Tbe following tandem pnoees* was retsently reported by the List group (J. Am. Cftem. Sec iEWS, 127, 15636-1M37}, Please 
provide the mBcbanism Tor ibis transformalion. predicl itie slereochemislry of Ihe producJ and explain your prodiotions with clear 3D 



H 

(1 .f equiv) 


Problem 912 


Contributor: 

Citation: 

Keywords: 


Pavel Nagorny 

J. Am. Chem. Soc. 2005, ASAP, 
Addition 
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The 1ollc?wir»g sequeruje hes neoeritly been developed during 1t»e synDhesis of Prostecydin (Gals et al. JACS £005, 
ASAF}. 



prcMda IfH atructura or compound A. atoroocriemlatry ol ITia product and Iba mochdniam cfl tho 
transformalions above. Eicplaln Ihe role of (PhSeOjjO. You do not oeed toprov)(ie me mecfMfjJsm toritussfep. 


Problem 913 Contributer: 

Citation: 

Keywords: 


Mathieu Lalonde 

J. Am. Chem. Soc. 2006, ASAP, 
Addition 


The trensforniBlion depicted belcw wae recently repcrted by Rcui-s and ccwcrterE (Epalein, O. L.; Rovie, T. J. Am 
Cfierrr. See. £0O&, ASAP). Provide a mechanlam fw ihia ttansformallon ihat accoums fw the observed 
dieBtereaselecbvity. 






Trxs 


1) TMSOTI (1.0 equlv), =0, 30 min; 
TlOH (2.0 equiv), ^ o “C. 40 min 


MeCM 

2] HaHCOg^Bqj quoncfi 



yield i 

97 :3 dr Cwtea 


Problem 915 


Contributor: 

Citation: 

Keywords: 


Karl Scheldt 

J. Org. Chem. 2006, 71, 1581-1587 
Addition 


Overmen figs been a major coniribulor in tbe field of cgrbocalion chemistry. In 2006, he observed Ibatthe tcllowirig reaction 
proceeded with complele relenlion of absolute conligurelion (J. Og. Chem. SOOG. 7f, 15S1-1567). Pteaee provide a 
msdtianism Tor this translormallon which includes G^dimenslonal slructuros and a rallonala tor lha sleraochamicaJ outcome. 
Be sure to label all pericycllc processes. 



Problem 920 contributor: 

Citation: 

Keywords: 


Karl Scheldt 

J. Am. Chem. Soc. 2006, 128, 16480-16481 
Addition 


Rovig. and oo-worfserg t,JAGS £tW^, i2S, 16430-16461} reported Ihe loHoiMng one-pot iranslormation whi^^i proceeds with gocxf 
yield and eKcallant diasbarsogelBctivity. Plaasa provide a detailad mactianism for Itiia reaction witti g-dimansianal alructuraa that 
provide a rallonala lor tba obsarvad salacllvily. Ba sura lo elassity all p^rlcyellc raacllons. 






MesSi 


MeCN 


1}TlVtSOTf 


2 > 

3}H;iO 


HjO 



Problem 921 co^ibuter: 

Citation: 

Keywords: 


Karl Scheldt 

Organic Lett. 2006, 81, 2191-2194 
Addition 


In 2M6, Crimmins compleled a total synthesis ol B-deoKyerylhronoide B [Org. Lett. JDfOB. S'. 2191-2194). His first step was Ihe 
reaction shown below The Iwe gtereogenic oentera he installs with this transiormetion allow him to use subsirate conlnol to sel the 
remaining stereogenic oenlers in the molecule. Please predid the product and provide e rgiionale for Ihis reaction using 3- 
dimansianal alructuraa. 



TiClq, i-PtjEtN 
o 

Mb 



Problem 922 


Contributor: 

Citation: 

Keywords: 


Karl Scheldt 

Addition 
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Camptwr i& prone lo f&arrangeiiiierit when exposed lo acjd. CamphorsLiirornlc add 
(CSA), whicfi Is a oomnwn reagent in organic synllwsis, is lormed when camphor 
Is treated sutlurlc aad and suHur inoxlde. Please provide a mediajilsm using 3- 
dimensioral structures. 



Problem 923 


Contributer: 

Citation: 

Keywords: 


Karl Scheldt 

J. Org. Chem. 2007, 72, 1379 
Addition 


Takeda and coworkers recently reported the following fornial [3+4] addition for the synthesis of 7-niembered ketones {J. 
Org Chem. 2&07, 72, 1379). Please provide a mechansim for the generation of the product. 



Problem 924 contributor: 

Citation: 

Keywords: 


David A. Evans 

J. Am. Chem. Soc. 1972, 94, 4780 
Addition 


In Evans' reported synthesis of luddulene (JACSi9T2, &4, 4700) the intractable sobsiitutlon reaction illustrated 
hm\cfw VIES, encounterad. This result was not aurpriaing ainca the -sbarically conjsatad concave faca oF the cia decain 
ring sysl&m would oerlalhly diarawr substltulloh.lt also wall known that &yctohaxyl tosylatas aro proha lo undargo 
elimlratlon In additiori to aibsmurtion with amine nucleophiles. 



In iiu or ins probiams sncouniarad in ins aicscntion or mis tvansrohmstion. ii is oi iniarsst to noia that ina dssirsd 
transformation of 2 to 3 was achieved In 94% yield. From this advanced inletmediate, the syrrthesis was compleled In 
a single step. 



Lucldulsna 


Ploaso previda an aKplanallon ror why amino suPsQtutlon with tosylata 2 was snoossslul whils tha analogous rsadion 
tin tosytafe 1 was rof 


Problem 928 


Contributor: 

Citation: 

Keywords: 


Karl Scheldt 

J. Org. Chem. 2007, 72, 2476-2484 
Addition 


In Hsung's synthesis ol itiyrrhine [J. Org. Chem. 2007, 72, 2476-2484^the 
achieved with emazing selectivity. 



E = CO;,Me E COpMe 


following transformation was 



Part A: Please provide SI 3-dimensional drawing of myrrh in e 

Part B: Please provider mechanism with 3-dimeneicnal drawings to rationalize the observed selectivity. 


Problem 939 co^ibuter: 

Citation: 

Keywords: 


Paul Krawczuk 

J. Chem. Soc. Perkin Trans 1 1993, 585-587 
Addition 
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Whil& working on ojia-analotiges of the plant growtlh-promo'llng agent helminihosporal, Barbosa ar>d ooworkers 
erKwuntered an uwxpecled rearai>gemenl when tt>ey treale<J the bicydic alkene below with chlonosulfonyi eocyanate 
(CSI)(J. CfwfTT. Soc. Pertm Trafis. 1 1&93S05-5&7) 


O 


;iii 


CI-^-N=C=0 

O 



□CM, FTT 
ectays 



3 equrv. 


lO^NaOH 

workup 


S-hydroxyphellandral 
majof product 
(20%) 


Problem 940 Contrlbuter: 

Citation: 

Keywords: 


Kyle Eastman 

J. Org. Chem. 2005, 70, 3850-3858 
Addition 


J^n-Mua Xu and co-workers recentty repoftod their tindinga regardng photoreactions of 1-acelyli&alln with alkynes (J. 
Ov^. Cfi0m. 2005, 70, 3aM-3a53). 





PropcBe a mechanism for the converBicn of I tc II {h/nf: III ia alsc prcduoecl|i . 
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PROBLEIfl AfIfiWERS 


Problem Answers 


Problem 10 


Contributer: David A. Evans 

Citation: Organic Lett. 2000,2, 1903 


Take da and co workers have reeentiy re pa lied tie meehanistieally interesting hng extension reaction illustmted below 
{Oig.Lett. 2000,2, 1903). 




Provide a plausible mechanism for ttiis ti’ansfonnation in tie space below. 
the steteochefnicd ssped of this tmisfotmdion 



LiN(i-Pr)2 



CTeoff a/so^v&n fordired- 
conjugate addition 


Brooke 

Reairangement 



(upon isloation) 


o 



Problem 12 


Contributer: David A. Evans 

Citation: J. Am. Chem. Soc. 2002, 124, 11600 
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An elegant synthesis of pareih’opQne (5) was recently reported by Feldinan (/. Am. Chem. Soc 2002,124, 11600). The hist 
reaction was staged by the generation of the iodoacetylide 2 vdiich was treated with LiNR 2 without puiification to fomi 
intemiediate 3 which was immediately ti’ansfonned into the dihydro-pareiti’opone (4) in with KF and alumina. The 
synthesis of 5 was completed by air oxidation of 4. 



Provide a plausible mechanism for the conversion of 2 to 4 and identify the stixicture of iiitennediate 3. 


IVleO. 


MeO- 



OTIPS 


Nt-TTs 




MeO, 


MeO- 



MeO. 


MeO' 



&exo^ <^g cydfzation 


OTIPS 


MeO, 






T I 

V'C. ^ 

rO 

MeO 

fi^^ 


IVleO-^ 




Intermediate 

3 



MeO- 

eiectPDcydic ring cpen/ing 

dihydropareitropone (4) 


a/p/ia eifmindfon 


OTIPS 



vinyMne cart)ene 
insertion 


P|-qU| 0 |y| 1 a Contributer: David A. Evans 

Citation: Organic Lett. 2001, 3, 1865 

The following carbonyl addition reactions were recently reported by Bailey (0?-g, Lett. 2001, 3, 1865-1868). Rationalize the 
oiigin of reaction diastereoselelctivity for this addition process. 



Provide your answer in the space below: 


R^ = Me R2 = Ph 93:7 

R-i = CM 03 R^ = Mg 91.9 


Chelate Controlled Addition 
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Problem 16 


Contributer: David A. Evans 

Citation: J. Am. Chem. Soc. 2001, 123, 9696 


The neaction illustrated below was recently reported by Muny and co-workers from the Merck Process Group 
{JACS 2001^ 123, 9696-9697). Provide a mechanism for this h’ansfoimation in ihe space below. 




Me- 




■ChisCHsOH 


1 (used as catalyst) 


A • AX 

rr H ^OCMe. 

2 H ^ 


10mol%1 

->- 

EtgN, CH 2 CI 2 
35"C 




Problem 18 


Contributer: David A. Evans 

Citation: Organic Lett. 2001, 3, 1181-1183 
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The following tmnsfoimation was neoentiy neportEd by Rodriguez (Org. Lett. 2001, 3, 1181-1183). 



Part A What is ihe structure and function of AIBN in this reaction? 



AIBN functions as a radical initiator 


PartE Provide a mechanism for the illustrated rearrangements) of A to E. Where stereochemical issues are present, 
provide clear three dimensional drawings to support your answer. 



Problem 21 


Contributer: David A. Evans 

Citation: 
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The Von Richter reaction is illustrated in the accompanying 
equation. Please provide a plausible mechanism for this 
transformation taking into account Ihe following observations, (a) 
If ^^N-labeled KCN is used, the formed is half labeled; (b) 
3-bromo-benzonitrile does not form 3-bromo-benzoic add under 
the reaction conditions. 



KCN 


heat, 

aqueous EtOH 



N2 


Provide your answer in the space below: 




N=N 


Problem 22 Contributen 

Citation: 


David A. Evans 

Chem. Commun. 1983, 384 


An interesting example of the Ritter Reaction was repo he d some time ago by R. V. Stevens Comm. 3S4 19S3). The 

relevant pracess illusti’ated below afforded an effident two-step synthesis of makomakine. In contemplating this 
ti’ansfoimation, view Hg(2+), to be functioning as a catalyst in the production of X. 


IVle 



cat Hg(N 03)2 
CH 2 Q 2 . -30 


3MNaOH 

NaBH. 



In the space below, provide a mechanism for the illushated twchstep tiansfoimation and identify the stnacture X. 
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Problem 24 


Conthbuter: David A. Evans 

Citation: J. Am. Chem. Soc. 2000, 122, 9556 


Sorensen and coworkers recently reported the synthesis of (-)-hLspidospeimidin (Sorensen/, Am. Chem. Soc. 2000 , 122, 
955 6). The Shapiio Reaction, along with methodology developed by Waite sell, was use in the construction of 
intermediate 3 from the indicated building blocks 1 and 2 (eq 1). 



1 


2,4,6-tr i iso pr 0 ^ ben zene- 
sulfon^l hy(^azine, 

H Q. CHgCN, 75% I nterm ed i ate Bj u (2.05 ecp i v) 

-^ A * 



Intermediate 

B 


MgBts. -78-^C 
then add 2 


55% 





CHs 

(eq 1) 

'■Chfe 3 



Part A. Provide a mechanism for the Shapiro Reaction of 1 to inteimediate E in the space below. Feel free to use a 
simplified analog of 1 such as 2,2-dimethylcyclopentanone to answer this question. 



PartB. Provide a mechanism for the transformation of inteimediate B to the illustrated product 3. Use 3-dimensional 
representations to illustrate the stereochemical aspects of this individual step. 




3 


Problem 27 


Contributer: David A. Evans 

Citation: J. Org. Chem. 2000, 65, 7303 
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Chiral amino alcohol 1 effidentiy mediates the addition of di ethylzinc to aromatic aldehydes. While a number of other 
amino alcohds are also effective in controlling the absolute course of the addition process, this amino alcohol has been 
the focus of a recent computational investigation that addresses the preferred transition state geometiy for this addition 
process (Pericas, et al. /. Org. Chem. 2000, 65, 7303 and references dted therein). It should be noted that while lis not the 
actual catalyst, it is modified under the reaction conditions to the competent catalytic agent. 




0.06 equiv 1 


Et^Zh, o-^c 
toluene 



97% ee 


Provide a detailed mechanism for the overall transformation in the space below. Use three-dimensional representations to 
illustrate the absolute stereochemical aspects of the indicated transformation. 



Forms insdu tie aggre^te 


Problem 29 


Contributer: David A. Evans 

Citation: Chem. Rev. 1995, 95, 1293-1316 
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In his seminar in CCB on April 17, 2000, Professor Panek described a number of di as tp re os elective transfoim ations based 
on chiral allylsilanes. One such transformation is provided below. 



Me 



CO^Me 


SMe^Ph 


BF3(OEt2) 

->■ 


OMe 



+ Me09Me2Ph 


^Sas^ereosefec^on 2-^U: 1 


Part A. Provide a detailed mechanism for the illustrated transformation in the space below. Use three-dimensional 
representations, vdaere relevant, illustrate the stereochemical aspects of the individual steps. 



Part E. In principle, both s\p\ and mti product diastereomers are possible. In the space below, rationalize the 
preference for^yn reaction diaste re os election from both allylsilane geometries. Use anti peri planar transition states. 



Problem 31 


Contributer: David A. Evans 

Citation: 3. Am. Chem. Soc. 1999, 121, 9726 
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In the Panek lecture he desciibed the transfoimatiGn illustreted below. This ti^sfoimation is an exh’apolatiQn of the 
recent publication of MacMillan and cn-wnikere {JACS, 1999, 121, 9726). 




0.5 equi vTiQ 4 
i-Pr^NEt 
PhCH(0Me)2 


OMe 



Provide a detailed mechanism for ihe illustmted ti’ansfonnation. Use three-dimensional representations, where relevant 
to illustrete the stereochemical aspects of the individual steps. 



Alignment of aotylsilane necessary for /ra/75 olefin geometry 


Problem 32 


Contributer: David A. Evans 

Citation: Tetrahedron Lett. 1984, 25, 5739 
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Oveim an carried out the cyclizations of the illustrated (E) and (Z) vinyl silanes 1 and 2, both of which afforded the 
indicated product (Oveiman et al. TL 1984,25,5739). He observed that 1 cydizes 7000-times faster than 2. 



Part A. Provide a detailed mechanism for the transformation of 1 and 2 to the illustrated product. Use 
three-dimensional representations, where relevant, to illustrate your answer. 



PartE. In addition, rationalize the illustrated rate difference for the individual cyclizations. 



aiVteg 







7/39 d/ffef&nce /Je/wee/? //^ si&fBasan&/s 
is mast iikeiy due to the presence at 
stabilization (hypercar^ugatian) at the 
de\/eiapingp-siiyi cation in the transition state 
\^ich is only passible tram the Z-aiker^. 
Etticient orbital o^ehap (Newman projection) 
only occurs v^h aziai disposition ottt^ IMS 
group 


Problem 37 Contributer: 

Pihai-inn- 


David A. Evans 
Synthesis 1996, 285 


Consult the cited reference for an answer to this question 


Problem 43 


Contributer: David A. Evans 

Citation: J. Org. Chem. 1996, 61, 7976 
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Moone (/, 0?£. C/ieFM.1996, 61, 7976) recently repnited the elegant 3-stEp ti’ansfomiatton that is illustrated by the specific 




1, major (57%) 

Part A. Draw out a plausible mechanism far the ti^sfoimation to the major product isomer 1. 


H OH 

2 , minor(11%) 



PartE. Draw out a plausible mechanism for the ti^sfoimation to the minor product isomer 2. 
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Aggarwal (/. Am. Chem. Soc. 1996, 118, 7004) recently reported the enanti os elective aldehyde epoxidati on illustrated below. 
One of the important issues to be addressed in this question is how 1, used in sub-stoichiometric quantities, is capable of 
controling the absolute stereochemical outcome of the process. The absolute co^figuratiors of both 1 and. stilbene oxide are as 
illustrated. Provide answers to the two questions pertaining to this transfoimation posed below and on the following page. 


PhCHNs 


PhCHO 


Cu(AcAc)2 
0.05 equiv 


R^S 

0.2 equiv 



Part A. Draw out each of the steps in this transformati on. Since you are not asked to address the stereochemical aspects 
of the reaction here, 1 maybe simplified as R 2 S. At the bottom of the page draw out the catalytic cyde. 


Steps: 


Cu(AcAc) 2 + PhCHNs 
Cu=CHPh + R 2 S 

Rj-gHPh ^ 


Ph 


©C 


Catalytic Cycle: 

PhCHO 


O 
/ \ 

Ph-"" ^Ph 



RsI-ShP 


R,S 



Cu=CHPh 

metaf aartenold 

Rj-ghPh 

suifuryHde 

©o 

Ph 



addition 

Ph 

SR, 


O ® 



dispiaooment 



PartE . Cleariy explain howl imparts chirality to the epoxidation process. Your answer should deariy explain the 
absolute stereochemical outcome of the process. 


7,3- cSaAtaf 
in leraclfons: 



{HR} Stilbene cwide 



versus 

cariienoKf reacts: 
etfuaroffaf/arje pa/r ofsufTL/r 




Problem 47 


Contributer: David A. Evans 

Citation: J. Am. Chem. Soc. 1995, 117, 10413 
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Wood recently reported a veiy dever approach to the synthesis of the indolocaihazole family of natural products 
{JACS 1995 , 117, 10413). His approach to the inddocarbazole core is the one-pot transformation outlined below. 




Provide a plausible mechanism for this multi-step transfoimationin the space below. 



Problem 48 


Contributer: David A. Evans 

Citation: Tetrahedron Lett 1996, 37, 2181 


The following ti’ansfoimatton was recently reported by Kabalka {Tetrsliedrtm Lett 1996 , 37, 21S1). Treatment of 1 with 
allylboronic add afforded the indicated adduct in high yield with 10:1 diastereoselection. On the other hand, the 
analogous reaction of 2 was non stereo selective. Propose a mechanism for this ti’ansfoimation that accounts for the 
stereochemical outcome of the addition pm cess. 



cyclic transition state with all substituents equatohaltransesterification not possible with OMe ether 


Problem 49 


Contributer: David A. Evans 

Citation: J. Am. Chem. Soc. 1995, 117, 10391 
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Oveiman and MacMillan (JACS 1995^ 117, 10391) recently reported the synthesis of the diterpene, 7-deacetox3^cyonin 
(1) illustrated below. The keynote reaction in this synthesis is ihe Lewis add catalyzed transformation illustrated below, 
a process that has previously been investigated in the Overman Group {JACS 1991 , 113, 3534). 




Propose a detailed mechanism for this transfoimation. Be sure to deaiiy identify the stereochemical control elements 
that are operating in the creation of the new stereogenic centers. 



Problem 50 


Contributer: David A. Evans 

Citation: Chem. Commun. 1995, 1409 
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Mu iphy (C/ifFM. Comm. 1995, 1409) recently repo lied 
a veiy efficient approach to ihe synthesis of the 
aspidospeim a alkaloid skeleton (eq 1). 




( 1 ) 


Provide a plausible mechanism for this hansfoimation in the space provided below. 



Problem 51 


Conthbuter: David A. Evans 

Citation: Tetrahedron 1996 , 52, 3403 


Aube {Tetraliedrcm 1996, 52, 3403) recently reported an efficient approach to the synthesis of polycyclic lactams. A typical 
ti^sfoimationis provided below (eq 2). 



Provide a plausible mechanism for this h’ansfoimatiQn in the space below. 
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Problem 54 


Contributer: David A. Evans 

Citation: Tetrahedron 1996, 52, 3403 


Aube {Tdrdiedrcfyi 1996, 3403) recently re pa lied an efficient approach to the synthesis of polycyclic lactams. A typical 
ti^sfomiatianis provided below. 



Provide a plausible mechanism for this ti’ansfoimatian in the space below. 



Problem 56 


Contributer: Grace Wang 

Citation: Chem. Commun. 1994, 2259 
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The recently isolated irregular sesquiterpene myltaylenol (1) stimulated Srikrishna and co-workers {Chem Commun. 1954, 

22S9) to study the biogeneticaliy modeled acid-promoted rearrangement of 2 which ieads to the desired terpenoid skeieton in 
good yield In the space below provide a detailed mechanism for the transformation of 2 to 3 




Part B. Pitovide an expedient synthesis of 2 from the allylic 
alcohol 4. 




Me 


Me 


Me 

4 


your syrttf}6sis 


><S ° 


Me 

2 





Hg£OAcb 

Clai&en 

Rearrangennent 



1 ) 


2) PCC, NaOAc 



Problem 60 


Contributer: David A. Evans 

Citation: Tetrahedron Lett. 1987, 28, 1267 


Consult the dted reference for an answer to this question 


Problem 61 


Contributer: David A. Evans 

Citation: J. Am. Chem. Soc. 1979, 101, 259 
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The fdlawing stereoselective hydrobomtionhas been reported by Kishi in his synthesis of monensin {JACS 1979, lOJ, 259). 
Provide the stereostmcture of the major product and mtionalize the stereocheti’iical outcome as indicated in the directions. 



BHg.THF 

H20^,-0H 


The r atio nali z ati on? 


The product ? 
Stereoselectioji: 811 



OCHjPh 


prodiictstudwe 



The two olefin diastereofaces expeiience a bias imposed by the allylic 
fuiyl and methyl substituents. The confom’iatiQn of the substmte 
(and hansition states evolving from these confoimatiDns) is dominated 
by A(l,3) allylic stmn effects. Presuming that the fuiyl substiltiientis 
stencally more demanding that the methyl substituent, the indicated 
direction of the hydrobomtion rationalizes the obseived major product 


reagent approacti 


r The 


Reading List: 4 The 


The 


Kishi monensin synthesis {JACS 1979, 101, 259). 

A(l,3) Sh’ain Review article by Hoffmann Chem. Rri?. 1989, 89, 1841-1S60. 
theoretical analysis by Houk Tetialiedran 1981, 40, 2257-2274 


Problem 62 


Contributer: David A. Evans 

Citation: J. Am. Chem. Soc. 1983, 105, 2487 


The following stereoselective hydrobomtionhas been reported by Still ( JACS 1983, 105, 2487). 

Provide the stereostmcture of the major product and rationalize the stereochemical outcome as indicated in the directions. 



OH 


BHg.THF 


The product ? 
StereoselectioTi: 24jl 



OH 


TheratLonalizAtiDn ? 


product stf udure 




The model proposed to explain this reaction is provided above. The destabilizing interaction in the disfavored transition 
state is indicated above. This is essentially the model proposed by Still and veiified by Houk. 


The Still paper, JACS 1983, 105, 2487 

Reading List: J 

[The theoretical analysis by Houk Tdratiediw-i 1981, 40, 2257-2274 


Problem 63 


Contributer: David A. Evans 

Citation: Chem. Pharm. Bull. Japan 1984, 32, 1411 
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The following stereoselective reduction has been reported by Qishi {Chem. Pharm. Bull 19S4, 32, 1411). 

Provide the stereostructure of the major product and rationalize the stereochemical outcome as indicated in the directions. 

IVle 

ai(BH4), 

Et^O 
O 

The rationalization? prodMit st udure 

This is a typical example of a chelate-organized reduction: In this instance, the substrate is organized through bidentate 
chelation VTith the metal ion and the nudeophile attacks the carbonyl diastereoface opposite to the methyl substituent. 



The product ? 
Stereoselection: 32/2 


MeO 




^ For a recent relevant study on chelate-organized G=0 addition see: 
Eliel,/AC3,1992, 224, 177S-17S4, and dted references 


Reading List: < 


For a general review or chelate-organized processes see: 
Reetz, Angew. Chem. Int Edit., 19S423,556-569 


See also the complementary're view by Qishi: 
^ Accts Chem. Research, 1984, 27,556-569 


Problem 64 


Contributer: David A. Evans 

Citation: J. Am. Chem. Soc. 1983, 105, 1667 


The following stereoselective aldol addition reaction has been reported by Heathcock(y, Am. Chem. Soc. 1983, 205, 1667). 
Provide the stereostructure of the major product and rationalize the stereochemical outcome as indicated in the directions. 


Ph 

OTMS 



BFg-OEtj 

Ch^as. -7S^C 


The product ? 
StereoselectioTL 1611 


TheratLonalLzation ? 


product structure 




R (large) 


The Fel kin-Anh model is now widely employed to rationalize the stereochemical course 
of carbonyl addition: 


Reading List: 


For the discussion of Ihe Felkin-Anh model see: 

Anh & Eisenstein, Nouv. J. Chim. 1977, 2, 61-70 

For several Iheoretical studies supporting Ihis model see: 
Houk, JACS, 1987, 209, 90S-910. 

Pad den-Row, Chem. Commun. 1990,456-S. 


Problem 66 


Contributer: David A. Evans 

Citation: Liebig's Ann. Chem. 1991, 1203 


The fdlov/ing stereoselective ti’ansfonnatiDn has been reported by HoffirLann (Lfe&ig's Chem 1991, 1203). 

Provide the stereostiucture of ihe major product and rationalize the stereochemical outcome as indicated in the directions. 



The product ? 
Stereoselection >20:1 


OH 



product str udure 


The rationalization ? 



A(l,3) effects define ihe low-energy confoimation of ihe allylboronate-RCHO h’ansition state. In this instancy 
the oxygen-healing stereogenic centers are subordinate to ihe organization provided by the boron-beaiing 
stereo genic center. See the Hoffmann review, pp 1849-51. 
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Problem 69 


Contributer: David A. Evans 

Citation: Chem. Lett. 1991, 1555 


The fdlawing stereoselective h’ansfan-natiQn has been repnited by Fujisawa (ChemLett. 1991, 1555). Given the 
stereo chem i shy of the product rationalize ihe stereochemical outcome of the indicated reaction. 

eh eh 



TherationallzAtion ? 


HtJ 


nMB 


stereo select on >97:3 


R" 



; Nu 

p'sfa'fscf C=N 
c^sterec^ace 



The stereochemical outcome of this reaction has been rationalized 
by Fujisawa through the chelate-organized imine complex shown 
on the left In this study diastereoface selectivity was noted to be 
strongly dependant on the nature of the oi^anometallic reagent. 


Problem 71 contributer: 

Citation: 


David A. Evans 

J. Am. Chem. Soc. 1991, 3608 


Consult the cited reference for an answer to this question 


P|-qU| 0 |y| Contributor: David A. Evans 

Citation: J. Am. Chem. Soc. 1988, 110, 5192 


Consult the cited reference for an answer to this question 


P|-qU| 0 |y| yy Contributor: David A. Evans 

Citation: J. Am. Chem. Soc. 1988, 110, 3948 


Consult the cited reference for an answer to this question 


Problem 78 


Contributor: David A. Evans 

Citation: Chem. Commun. 2003, 276 


Consult the cited reference for an answer to this question 


Problem 83 


Contributor: David A. Evans 

Citation: J. Org. Chem. 2001, 66 , 1228 
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The illustrated Kh oven agel-type condensaton recenly reported by Noham I et aJ. [J. Oy. tftsw. 2001, S€s, 1238) 
should prove to be a generally uselul transformation. 




OH 

E^N-SPh 


Problem 89 


Contributer: David A. Evans 

Citation: Organic Lett. 2001 , ASAP, 


Padwa and co- worhers recenlydisclosed the illustated multistep polycyclisation as a possible rout to the stychnine 
cone ( Cyy. Lett. 2001, ASAP) 



1 ^ "C 


In the space beloiv, provide a mechanism for the indcated tansformation. Hfjtr Tf)BfT?anasfafna^ffc/syBft: Sfiafa 
ear^^ jtjirfrHeSrinc a/ ana/ysfs snis^fft^pyai/ id amve at a foiffi/ticn aflffis qfi/Bfiicn. 





Problem 90 


Contributer: David A. Evans 

Citation: J. Org. Chem. 2001, 66 , 2350 
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The synthesis of the mgrgsmane sesquiterpene skeleton has loeen lo topic of several 
research groups. In a nacenl paper (J[. Qrg. Chem. 3001. 6$, 2350) de Craol et al. hava 
devaloped an inganaoua approach Id ItH assamblage ol ttiia ring syslem. 



Ms a SOiMe 





marasmane akaleLon 


In tPp spajc« belpw. provide a mach^nigm Tor Iho indlcatod trarioTohiiiaJlon. 



PfiQU| 0 IY| 92 Contributer: David A. Evans 

Citation: J. Am. Chem. Soc. 2001, 123, 4851 


In Overman's synthesis of shahamin K [J. An. Cftam. St?P. 2001. 123. 4351), tie hey tansfarmtion invdves the 
interestng neactiGn sequence shown below. 



Please provide a mechanism for tiis two-step process and idenlfy intermedate A. 

I 



r'V 


^SPh Lewis acid 


Me-^ Me SFh 

A 



|yy(g thia-Prins 



chair-lihe transition state 


Problem 93 


Contributer: David A. Evans 

Citation: J. Org. Chem. 1987, 52, 4831 
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S. Masamune has reported the illustrated aJIyl bora lion [J. Cfg. Ctisn. 1987, 5^4331). 

HO 

^ {^sslerecse^ecS/on: 96:4 

R 93^ ee 

life 

Predct the stereochemical outcome of the reacton and draw the relevant Zimmerman-Traider fransiton state/ 




-H RCHO 




IVte 


Problem 94 


Contributer: David A. Evans 

Citation: 


The reacton of 1 witt 2 is a typcaJ ejtam pie of a dou Ue stereodfferentatng addf on reacton. Determine whetier 
this reacton is 'Vnatched" or mismatched, draw the tansiton state for the additon process that support your 
conclusion, and provide the absolute stereochemictyof tie additon product 



irsrifflian -siSte 
ftBTBogBnfe afafnantr sra 


Problem 95 


Contributer: David A. Evans 

Citation: J. Org. Chem. 1978, 43, 1750 


lyyfagtus etal; have reported the base-induced transformafon shown below [J. Og tRsc? 1973, 43, 1790). 



Provide a detailed mechanism for this tansformaton in the space below . 



Problem 97 


Contributer: David A. Evans 

Citation: J. Am. Chem. Soc. 1991, 113, 3608 
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The development of stereo controlled reactions is an important undertaking in organic synthesis. Recently, Molander and Haar 
disclosed "A Simple Method for Achieving High Relative Asymmetric Induction in Carbonyl Reactions" {JACS 1991 , 13, 3608). 
Their reaction is showbelow (eq 1). 



Conditions: 10mol % Trimethylsilyl triflatewith one equiv eachof TMSCN and acetal,-78"'Cin CH^CL^. 


■The Nudeoplule: TMSCN is capable of undergoing rapid 1,2-silatropic rearrangement 1 suspect that the isonitrile 
tautomer is involved in the rate-determining breakdown of the intermediate oxonium ion. 

IVle^a—C=N: ^ Me^SI—N=C: 


■Acetal Activation: 




The data is consistent either with oxonium 
ion foim a ton (or its breakdown) being 
rate-determining. 

least stable 
oxonium ion 

RiO 



■Oxonium Ion —^ Mes^-OTf — Stability order of oxonium ions deteimined 

Breakdown I I by the number of gauche interactions be teen vicinal 

(rale determmtng ?) " T substituents. The magnitude of these interactions is 



RiO 2 major 



deteimined by the steiic requirements of R^, R 2 , and R 3 . 
The product ratio appears to respond to oxonium ion 
stablility order. 



■other Nucleophiles ??: The nucleophile employed must be stable to the TMSOTf catalyst 


while m aintaining sufficient nudeophilidty to participate in the reaction. Two typical 
candidates which might be considered are shown: 

Can you think of others ? 



OTMS 


Problem 98 Conthbuter: 

Citation: 


David A. Evans 

J. Org. Chem. 1991 , 45, 2809 
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CydGpropanol derivatives are proving to be useful homoenolate anion equivalents, and over the last ten years metal- 
catalyzed reactions utilizing these inteimediates in useful bond constructions have appeared. In 1988 the illustrated 
arylation reaction was reported, JACS 19S8, 110, 3296, (eq 2) while more recently, Nakamura {J.Org. Chsn. 1991, 56, 
2809) reported a thorough study on the related acylation reactions (eq 3). 


TMSO^ 


TMSO, 




Ar-X 


R2(C0)-X 


Pdp 


-TMSX 


Pdp 


-TMSX 


u 



(£) 


R2 (3) 


Part A. Write out the probable steps, tn ecjmticm form, for the Pd-catalyzed transfoimation shown in eq 2. 


PartE. There appear to be some definite requirements tor ihe Ar-X reacting partner in Ihe aiylation. For 
example, these reactions afford excellent yields of the desired product when aiyl triflates are employed. On the other 
hand, aiyl iodides tail to provide the desired product. Based on the mechanism which you have provided in Part A, 
speculate why aiyl thfiates, but not the analogous iodides, are required for coupling. 

■ Oxidative Addition; ^^ ^This step will take place forX= I, Br, orO-tnflate 


Electrophilic Addtionto Cydopropyl Ring: 

TMSO, 




At—P d-X 


TMS- 


The electrophilidty of the ArPd-X species is dictated by 
the electronegativity of X. In the present case, electrophilic 
additiononly appears to be possible for the ArPd-OTf species. 


I Reductive Elmiination: 

0 ^ 




Pd(0) 


Pd - 


+ 

TMS-O; 






TMSX 


u 


,Pd 

X- 


Problem 102 Contributer: 

ri1-a1-inn- 


David A. Evans 

Organic Lett. 2002 , 4, 3179-3182 


Consult the cited reference for an answer to this question 


P|-qU| 0 IY| 103 Contributer: David A. Evans 

Citation: Tetrahedron Lett. 2003, 44, 1129-1132 


Consult the cited reference for an answer to this question 


Problem 104 contributer: 

ril-al-inn- 


David A. Evans 

Evans, Unpublished Results 
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The indioted allyimeial mdeopkile adds ne^selectiviely to the indioted (ydoheKanorie deriira.tEre 1 to afford the 
tertiary aloohols 2 r and 2 d having the indimted stereochemistry (Evans & Andrews, 1974J. These 

addiicts may be individually rearranged to the indioted aldehyies 3^ and 3b with complete control of 
stereochemistry. This set of transformations readily provides access to functbnalised quatenory centers. 



Provide a mechanism for the transformation of 23 . into 3d that is consistent with the experimental cbserratisns. 
Where appropriate, provide three-dimensiorHl drawings to reinforce your answer. 



PrObl@rn 110 contrlbuter: David A. Evans 

Citation: 


The indioted transformation occurs with apparent retenton of stereochemistry. 



Et]N. DMSO 



In the space below, provide an explaration for the mechanism and stereochemiol outcome of this transfomation. 


MeaC 



K_ 




stereoel ectroni c conirdi ed 
chair-aMal addition 

f 

NOH 


CN 



P|-q|^| 0 IY| m Contributer: David A. Evans 

Citation: 


The Zimmerman-Tra;der transition state nicely correlates starting enokte geometry and product aldol stereochemistry. 
This point is illustrated inequation 1 bebw in the oorrektion of the (^ endate geometry with the syn aldd product 
stereochemistry. The intent of this question is to haiK you ponder the related addition to the illustrate intine (eq 2 ). 



hi the space below, draw the Zimmerman-Traxler transition state for the 'Sntine-aldol" process (eq2) and illustrate 
the predicted stereochemical outcome of the addition reaction. Assume that the imine geometrytannot isomeriae 
under the reaction conditions. 
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Problem 114 Conthbuter: 

ri1-a1-inn- 


David A. Evans 

Tetrahedron Lett. 2001, 42, 3816 


The follawirigtrarEfomiatiDn was reported earlier this year by J. D. White and oo-worhers 2001, 42, 3816.). 

From your knowledge o(f the chemistry m-roliffid, provide a mechanism for the indioted transformatijan which is 
oonsdstant with the observed product stereochemistry. 



TFA = Iriluoroacetc acid 



Me 


Problem 115 Contributer: 

ritatinn- 


David A. Evans 

Organic Lett. 2001 


During their investi^tions toward a total synthesis of Noduhsporic Acid A, Smith and co-workers (Smith C^. L^. 
2001, A5AF) attempted a diastereoselectiTK addition sequence based on. the precedent of Ko^ 1961,37, 

3951.). 






f-BjQaC.. 


:y 


[1 equiv) 


^ f-Bu02C.^^N. 

2 f Bu 


Ftirt A. Provide a mechanism for the transformation of 1 to 2 as reported by Ko^ (shownbelow). Be sure your 
mechanism accounts for the observed stereochemisty. 



Fart B. While attempting to effect an ainlogius transfonmtionondecalin 3, Smith and co-workers were quite 
suprised that as diastereomer i was obtained. Provide a rationale for the divergent stereochemiol outcome. 


f-BuOjC, 





tBj 


Mel 

I Me Me 


Tfs/js-c^eafin fsioeicedif} cns c6ajor ecntvmaSriac. 
A.wa/ addiran fs fTB^/red andean anfy aeeur^m 
ityi See /QvgmdBf f^fie rg/xifian at^;>dfiafy}. 


\ 


OTBS 

■OTES 


7j6.cj iftJB, a/pisacft tam iup 
iaea if doeigd ky ?wici a.wa/ 
gfvupf and S6e a ^/diiafy. 
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Problem 125 Contnbuter: 

I ihpihinn • 


David A. Evans 

Organic Lett. 2001, 3, 3257-3260 


The followiiig reaction was lecent^ leportedby Aina.t and co-workers lAt. 2001, 3, 3257-3260). Provide a 
mechanism for the this transfometion which, is consistent with the prodnctstereodiemistiy. Smoe stereochemiol 
issues are at stake, orefuUy rendered 3-D oarL£arma.tiorel drawing sihouldbe incorporated into your answer. 



rinff jtottw? ftce 




Problem 127 Co^tributer: 

I ihpihinn ■ 


David A. Evans 


If an olefin such as A es^iiences afacialbias, one nny count on steiic effects to direct the course of aOsO^ 
dihydiD^ylation to the i£S5 d ticsf mao/kE (eq 1). Stiate gLoUy, it is limportant to be able access the other 

stereochemical option: dilydroKylation from the ffaofa }snd£f'£d . This stereochemiol option may 

be implemented throng the reaction summaiiEed in equation 2. This reaction has been referred to as the 
Pre-TOst-Winstein-Woodward dihydroj^tion. 

- cfo:-- cb ^ c!x> 


Provide a mechanism for the reaction illustiated in eq 2 in the space below. Since stereochemical issues are at stake, 
orefuTy rendered 3-D conformational drawings shouldbe incorporated into your answer. 


Topfspg j/wia/dad ty a^af fjJBifjyf 



Problem 133 Contributer: 

ritatinn- 


David A. Evans 

J. Am. Chem. Soc. 1996, 118, 12580 
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Rappoport has neoently reported the transfomiatijan ill-ustrated below (JAGS 1996^ 11S, 12580). The kinetic 
stereochernical outcome of this reactioii is superficially-unanticipated intlat the Grigrard rea^nt adds to ketene 1 
from the ''more hindered" orbonyl n-faoe. This -value judgement eirol-ffis from the assunption that the msityi 
if ffior£5i£ncsi.Uyd£ffsin^r^ than ihaphenylsuhtitueji. 


Fh 



□ 


1 


1. MesMgBr 
2. fea 


Fti OAc Ph Mes 



(£)-2 (favored) (^-2 (disfavored) 
(£\i/(Z) =3:1 (kinetic ratio) 



Provide a rationalistion for this "contrasteric" ketene addition. 
We start by analysing the confarmation of the ketene. 


The all out-of-plane 
arientation has a steric 
dashbetween ortho 
substituents and also lacks 
any resonance stabilistion 
from the phenyl goups 



The all in-plane orientation of 
the aryl groups results in a 
-very-unfa-rorable clash 
bet-ween ortho groups 



An in-plane orientation of 
the mesityl group has an 
unfa-vorable interaction 
bet-ween the methyl gpoup 
and the ketene caAon 



The in-plane 
orientation of the 
pheryl group provides 
some resonanoe 
stabili^tion and has no 
major steric clashes 
FAVCRED 



Now -we analyse the addition. 

The LUMO of the ketene is in the plane of the substituents. 
Attack from the face syn to the pheryl group is blocked by 
the ortho hydro ^n. Attack from the face syn to the mesityl is 
open betause the mesityl group is out-of-plane. 



Problem 134 Contributer: 

ritatinn- 


David A. Evans 

Eur, J. Chem. 2001, 323 


A recent paperby Hoffmann (Eur. J. Oisn. 2001,323) hi^ili^ts important advances made by this laboratory over 
the years in enantioselective aldehyde alylboration. A typdral reaction de-relopjed by Hoffmann is illustratedbelow. In 
this (ase the enanticpure allylboronate 1 is transformed into the anti adduct 2 with lu^ selectivities. The absolute 
stereochemical relationships of 1 and 2 are as iLLustiated. 



1 H X= a.OR. N(Me)S02R 


Antifeyn diastreoselectior 
> 15:1 

enantioselection 

>95-^i 


Part A. Draw the obli^tory transition state for this transfomationbelaw. A caref-ully rendered three dimensioral 
Ltiustration is requested. 



Me H 

Ftirt B. Identify those hyperconj native effects, if any, that mi^t be involved in transition state stabihstion. 

The complex undergoing aJIyt addition n the aldehyde p-efers to have the R grou pof the aldeh-yde equatorial. 
This leaves two options for the position of the X group in the transition stat. 


In Sfvj eoc tvm airicw, Ihs 
Xgfuupss and 

a .wa/ B- O tun d eon 
duna'SBintD e*. 




in thssaontffmalion. tha X 
gfmpis egc/atwia/ and 
iha BOtandnauf 
pa/cstia of a 
typofpon^ga Isva 
snlBfaPlion is ^atof'^a 
partonyi fa iass ^aplron 
fipfi BOixjnd}. 


R 


+ 


HQ 




Problem 141 Contributer: 

rit-atinn- 


David A. Evans 

J. Org. Chem. 2001, 66, 886 


29 of 82 


7/5/2007 9:37 PM 







ANSWERS - CCB Challenging Problems 


http://evans.harvard.edu/cgi-bin/problems/search5_getAnswers.cgi?qn=3... 


Aiibe Iras iieaen% reported the tiaiE±ormatiDiisLllustia.tedbelow (J. Oyg. Ch£f?L 2001, 66,886-889). In this study he has 
documented that the observed product is dependent on the tether len^ between the aside and oibanyl functional 




Fart A. Provide a mechanism for the transformatianLllustiatedin Eql. 



FartB. Fiovide a mechanism for the transformation illustrated in Eq 2. 



Fkrt CL Brief^ latoinline the difference in reactivity. 

Cydistion of the aside onto the ketone in eq 1 forms a 6-membered ring and is therefore rapid. CyzlLstion of the 
aside onto the ketone in eq2 would need to form a7-membered ring, which issbw and allows the other reaction 
pathway to occur. 


Problem 142 Co^tributer: 

Citation: 


David A. Evans 

J. Org. Chem. 1992, 57, 1179 
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During the oourse of the Oisnnan synthesis of puniilotoKin (J. 1992,57,1179) the injdi(a.ted transfanna.tion 

was canied out with the expectatian that the bicyclic ketone 2 would be enantiopuie sinoe the starting amine 1 was 
enantiomerually pure. Surprisin^y, product 2 was obtained as a racemate. 


1 



2 


A. Provide a mechanism for this transf armation that accounts for the illustrated stereochemiol outcome. 



GllylS 


The revised synthesis of erantiomerically pure 2 is illustrated below (J. Oyg. Chsit 1992,57,1179). Additian of 3 to 
several equivalents of the illustrated ahenyllithLum rea^nt afforded carboiyl adduct 1 as a sin^ dHstereomer. This 
intermediate was then transformed into enantiopure 2 under acidic oonditions. 


© © CH 

OTFA ^ 


r A'- ^ 


l-bO^ 




GMe 

HO Me 
4 /ti^iBfBcvgJeeicn :=&7.-3} 



2 


Fart E. Provide an ej^jlaiaticn for the hi^ level of stereocontrol that is observed in the orbonyl addition step. A 
three dimensional drawing of the carboiyl addition transition state is requested in ooi^unction with this answer. 



dg/STJt^siBd sfnifjg 


cfj^aig pcvjiruffgd s 



Fart C Provide a me chartism for the transformation of 4 to 2. 



4 


Problem 143 Contributer: 

Citation: 


David A. Evans 

Organic Lett. 2000, 2, 1161 
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ttungand oo-worker; liaire recently reported the disstereoselectiiK reactioai shownbelow (C^. L^. 2000,2,1161). 
While there is mechanistLC anbigaity associated with this process, the anthars haiK sug^sted that a peiitychc process 
is UTJolved in the stereodieniisti^detennining step, an assumption that is consistent with the sense of asymmetric 
induction observed in the reaction. 



diastereoseleclion 1:2 >10:1 

Provide a concise meclmiism for this reaction in the spacebelow. Please lationaliae the observed sense of asymmetric 
induction. 



Problem 145 Co^tributer: 

I ihpihinn ■ 


David A. Evans 

J. Org. Chem. 1978, 43, 3705 


32 of 82 


7/5/2007 9:37 PM 









ANSWERS - CCB Challenging Problems 


http://evans.harvard.edu/cgi-bin/problems/search5_getAnswers.cgi?qn=3... 


MkrtinKulme has described a biooimTietijc approach to the oonstructioaiof the aspidospenm allaloid skeleton 
Ch£??z 1976j 370 50. One of the reactions deiffiloped in his laboiatory is iJlustiated below. 



Provide a detailed mechanism tor the iUnstrated transformation. 




flam thcpiadua.. 
LakiCGie c>ie ain I back 



^ COiMe 

By b?peci.kin d mawbl. 

ihc N and C iaini-M huH ba caniHOiad 




Problem 149 Co^tributer: 

I ihpihinn ■ 


David A. Evans 

Org. Reactions 1991, 40, 407 


Stetterandcoworkers (Ct^. F^adians 1991, ^0, 407) haiK developed the nse of thiasohmn salts for the coupling of 
aldehydes and unsatuiated ketones. A typiol transfonmtion is illustrated below. The (atalyst for this reaction is the 
thiaaohum salt 1. 


HGHsC 


&0 

■s'" 


CHsFh 


■H 1 





0.1 equiv 1 
EtiN,EtOH 



Provide a oondse meclmiism tor this reaction in the space below. 


The Reaction 


Aidsh^s-Eisc-trophsisCoupi'sngbyJhi^^Uum 



Thiazolium ion 
cate.lysis 

base 



El 



0 

A/ 
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P|iQ|^| 0 IY| j,50 Contributer: David A. Evans 

Citation: 


Provide a ooiicise ineclmiism for the indioted reaction in the space below. 



Problem 151 Co^ibuter: 

I ihpihinn ■ 


David A. Evans 

Chem. Lett. 1991, 1555 


The following stereoselective transf omiatiDn has been reported by Fujisawa [Cheni-lAt. 1991,15551). Given the 
structure of the product, rationalise the steieochemiol outcome of the process. 


.A. 


The lationaliaation ? 

Ph 

_.N-—^ 


A H 

I Nu 


pfvi^fyffd C=^f 


Ph 



stereoselectLon >97 3 


The steiEochemiol outcome of this reaction has been rationalised 
by Rijisawa throu^the chelate-ar^nLEed inine complex shown 
on the left. In this study diastereoface selectivity was noted to be 
stron^y dependant on the mture of the or^nometallir reagent. 


Problem 156 co^ibuter: 

Pihpil-inn ■ 


David A. Evans 

J. Org. Chem. 1994, 59, 6008 


Here is an interesting transf ormatian that hasbeen .CO^Me 

reportedby lhara (/CC 199^^ 59, 6008). Given the jf 

partial structural information for the product, ^ 

predict its structure and provide a concise [1 T 1] UNFia, -73 ^ 

mechanism for this process. 2) Chl^O 

H 


The Product 
Here are some clues 

A) No C=Cs in the product 
EJ CH 2=0 incorporated 



[4 +2] cyckaddition 


The product enoJate is 
quenched by the enolate 
from the steriolly least 
hindered diastereoface 
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P|-q|^| 0 IY| 100 Contributer: David A. Evans 

Citation: 


The acetyieiije aU^ocdde (piolate) 1 reacts witli the mdioted paia-substitutedacetapbemnesto the (E) and [Zj 
Tinsatuiated adds 2 and 3. The interesting observation is tlat the (£):(^ prodnct ratio strongly depends on the 
substituent on the aromatic ring. 



Provide a mechanism for the overal transformation illustrated below that accounts for the chan^ in product 
stereochemistry with the change in acetophenone substituent R. Address stereochemical and stereoelectronic issues 
where approprmte. Classify all peritychc reactions should they intervene. 



Tf}ff fnayaffc? ixa ecrjear^d a^Jiafa^etaf eyefeaddicn 

Path a 


A4 g- gfaeinxyefsaikm occc/rs iwtfj ccwnoftrfcn 
c^fjdar if} arynaf ecw difcv}f. Th arw ara two fcwftig 
POf}fuiaicvy^if}\ifayf.aandi?. ~q- 


Faif} a ff A vcvBd wf}ar) f^fie eonssc^faicns are 
dait}Sf}anf — f}gsff}a/fargffuc^pswsng^ sr\iDif}g 
4-Jt7gft?bgrgdringas if\g C^O tendtrgaics. 
/TtgfB/b/g, wtgnsinrjes eenref sgfgeifvfiy /?= H 
fiJAigJ. Faf} assiavo/gd^. 






3 


Faih b 'sf-ia vosad wta^ f^fBog/gercnfPf arg 
damjnant. Than arijiaf tn *e ar^ring pan 
ovadap iijitfj Sfje ivfmingpp^rtii^ on oxygan, 
statiising ify a iransiion s’&ta. My an ifyis in fira eSricn 
if firung (F= it pan ovarrida tyafiadp tias 
iorFafy a. 



2 


P|«q|^| 0 IY| 103 Contributer: David A. Evans 

Citation: 
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Thfi foUowitig is an idea tlia.t lias been proposed to you by a fellow student. The proposal is based on the fact that 
barane-methyl sulfide oompkK is an effective hydioboiatian lea^nt (eq 1). It is proposed that allylic sulfides such 
as that illustratedbelow should be opable of "directing" the hydrobaration process from this substituent throu^ the 
borane-substrate conplex. 



Ffart A. In order to begin your critique, you must possess a good working knowledge of the details of the 
hydroboration of olefins with borane-methyl sulfide. Provide a dear depiction of the transition state for the 
hydroboration process using etl^lene as the olefinic substrate andborane-methyl sulfide as the hydroborating agent. 

Q 






SMes 




I-I 2 B -H 




H 


4-ea^iBriranshkin siaiB 


ihB ani dfsposjicn *eiy/ffide 

/ea vsnggn^ap ai d Sf? s a flS eiasng dafin. 


Ifart B. Now, based on your knowledge of the l^droboratian reaction and the principles learned thus far in Chem 
206, critique the idea proposed in Eq2. You must concisely state the logic upon which you base your assessment. 
^dures sfMd: a fJuuscfii . 



in Bfiharhaif-chair. ftisifnpofsitda la aefjsava Ji C^Cavefiapuffif} u BS— ssraqi^fad iarsnUanfi^ac-niar 
ddfvaryafBHs ira/a to *e andac-ydic- fasId^Han las-t and .^afaiara, atiafnpts- iu iff a a/JyifP fififidaf ia 
djTOCfa ffydfatxjfaian afa cAjofnadt? i^i/fa. 


Problem 165 Co^tributer: 

I ihpihinn ■ 


David A. Evans 

J. Org. Chem. 2001, 66, 809-823 


36 of 82 


7/5/2007 9:37 PM 








ANSWERS - CCB Challenging Problems 


http://evans.harvard.edu/cgi-bin/problems/search5_getAnswers.cgi?qn=3... 


Kotay^shi has reoeri% reported, the ill-ustiated diasteieoselectiTK addition reactiorE ij. Oyg. 2001,66,809-823). 
This study reports that reajctiondHstereoselection maybe oontrolledby the nature of the oj^^n substituent at the 
3-position of the pyridine ring. 



CO^Bn 


R =CI-l2Ph 


ds3elBrsc>fjj er (2.6:1 J 


ct° 

I 

COsEn 

□™s 


ScpTfla 


ca 


COsBn 

f3 diaslBrsofn sr (4.3:1 J 


Provide an e^plamtion for these observations in the spaoe below. 



The cis productis favorfed on stereoelecironic grounds 


R =COMe 


Nu 



When the 3-su bstUent is CAc. tie 
stereochemicaloutcome of tie reactor is 
consistent with the intervent on of an 
acetoMonium ion intermediate as 
illustrated 



Nu 


Allylic strain between the equatorial Nu 
su bstituentand tie urethane fevors tie 
illustrated tans dawal con former 


VH 




Problem 170 Contributer: 

ritatinn- 


David A. Evans 

J. Org. Chem. 2000 , 65, 8564 


Consult the dted reference for an answer to this question 


Problem 173 Contributer: 

ritahinn- 


David A. Evans 

J. Am. Chem. Soc. 1986 , 8297 


Provide a clear depiction of the transition state which predicts the product stereochenistiy at the 
starred (*) caibon atoms (Masamune, JACS, 1986, 8275^. 




UM u 


SCEt 



Me 


Problem 174 Conthbuter: 

ritahinn- 


David A. Evans 

Angew. Chem. 1998 , 1987 
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Coiey's CBS olalyst for ketone reduction often deliver; lii^ yields of enantioenriched secondary alcohob (dO£_, 
1996^ 1987). Provide a dear clear illusttation of the transitLon state which predicts the absolute stereochemistry of the 
product obtained in the illustrated reaction. Include an explanation of why the reduction of this practically 
symmetric ketone is selective. 


1 equiv. 



75% ee 


Tfts a vasSshUfty cft:et?n3fon3 yCHjra mustix eonsid3f3d ^(^si/s3th3Sf}l!fsrifiansf-C-Cssgsr}s bondshsv3 dSofing 
3i3e'iJon dsns^, i}3k3icin3fon3 fsifs wsff bs snsso’tof^. thB^BPlron rieh C-Cbond 

It]?/is iwaajt re/'aifLis £i Sfjs \iffih ^Sb3^3<:^^!Ton dBfii^3ntC-Cbond ComfioxaHon ofthofono fssr 
a/rif iti rfje p-msihoxy /dfonyi si^bstiuontwif! bofavofud. 



Problem 179 Co^tributer: 

I ihpihinn ■ 


David A. Evans 

J. Am. Chem. Soc. 1989, 1530 


Provide a mechanism that accounts for observed stereochemistry of the illustrated transformation (Heathcock, JACS, 
1989,1530). 



Zrfi 


Zn°, THF 

- 



O-alhylatcri 



Problem 180 Contributer: 

ritatinn- 


David A. Evans 

Angew. Chem. 1997, 36, 523 
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Fmvide a mfidiaiiism which djearlypredids the product stereochemistry at the starred (*) caiioai atoms 
(Schinaer, AdEE, 1997,36, 523). Provide a deardepictian of the transit ion state to support your answer. 




Z-an da gyve Antf- 

sc^firan ^yn-pa^^nginls^eiraw 

in F^in TSa/a c^iatyifizing} 


P|-q|^| 0 IY| 132 Contributer: David A. Evans 

Citation: 


Provide clear three-dimensional depictions of the transition slates for the following l^Tdroboratians. Specifically point 
out each factor responsible for the observed turnover in seledvily (Tatsuda,rL, 1991,6015). 



1) 1 equiv. 
(PirlsEH 





' im/jafavofadiransiHansia^, tvsraca/'dJ&cacat™ wiff ts minmisad. fifacsng f}gfafgBgfuc/p anii lDif)a 
in earning yaagan f. 


' ^fepa// /jar^ f.Z-c^sc/itv^lfiad de*7#. fZ ai/j/fie firain {R^= A/e, is dominant avar 1,S aiiyih strain: 



CHMej 



CHMea 


AE= 1.6kcai^d 
fm daeuiarm ach anhs} 


‘ TF asa iba tffas padhtth a froduetfor tiaeasa ofth a smaH raagant BH^f THF. 


^ For S6e mora bdky (Cy}^i-i. ifj e saSaeUvily itims o var bacausa iha ofcwjd antintara cton now is fy a tbatwaan tFa 
iigandson txron andthaiafgarFycFcoiyf group. A 180"rota^on rdaavas this intaracHon byra/daeingitwith a 
smai/arligand - hydrogan iniaraeiion. This loweranargy iransiian sbialeads to the ojt^^arradJC»TId/e^ 


' For mora cSseassion. saa Ffoah. JACS, 1^5. 9434 andraiaraneas tharain. 




favorad 


Problem 185 co^ibuter: 

C itatinn ■ 


David A. Evans 

J. Am. Chem. Soc. 1999, 121, 6771 
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Ojring Coney^ necentsynthesis of tepidophytine (1999. 121 , 6771). the piiiotaJ intemnedate 3 was assent bed 
by the union of 1 and 2 under the specified conditons. Provide a mechanism for this sin^e- pottransbrmation. 



Problem 188 Co^tributer: 

C ihahinn ■ 


David A. Evans 

Tetrahedron Lett 1983, 1621 


Provide a ittediaiikmiortlie following reaction that predicts the steieocheniistry at the starred (*) carbon atoms 
[Vatntm,ri:, 1963,1621). 

0 


o 



D 



TfjBfBSPikvj /TLipaadf ifjfuusif} cyaac TSsf fndfpa^d. Tfjff tynplinal TS 
fs ftncvedj(aapause lirycf'apss ifjB tx/Ucyf-fysutrillusjtaufayf-afn S6e 
S-fnBfntsTBdrifjga/jdfnsnifnizBf pf)afSfBfB/sfaicn af^BdBVB/ajjnff 
afnftjonfijfn and an^fP nhn^ gnpi^ps- as- thB fuaplion pnpPBBf^. 



[1,2 anionic shift] 



Problem 190 Contributer: 

rit-ahinn- 


David A. Evans 

J. Org. Chem. 1971, 214 
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Fnavide a mjediaiiism for the foliowriiigtiaii5foiTtia.tijO(n that ej^Jains the ohservedsteiEodTjemistry 
(MarshallJCq 1971,214J. 



(^T)-defin 





t 




ffa/w-cycl oh eweno 


Problem 193 co^ibuten 


David A. Evans 

J. Org. Chem. 1985, 235 


Provide a mechanism for the indicated transfbimatiDn that predicts the observed stereochemistry at the three staiTed (*) 
carbon atoms {jOC, 19S5, 235). 




Problem 194 Conthbuter: 

rihatinn- 


David A. Evans 

J. Am. Chem. Soc. 1978, 2933 
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In the Kishi Lasalodd A S 3 ?nthesis, the illusLated aldol fragment coupling proceeded with only moderate stereoselectivity 
{JACS, 1978, 2933). If you were planning this fragment coupling today, you would probably choose (c-hexJ^BQ/NEtg 
which would deanly provide the (E) boron end ate (Brown JACS 1989, IJJ, 3iil). What product stereochemistry would 
you expect fi’om your reaction? Include a ti^sition state dravdng to suppoiiyour answer. Point out the specific factora 
responsible for your predicted selectivity. Is your reaction a fully matched or partially matched aldol reaction? 



Answer 



Fefkfn rc^amer 

nosyn-pentane JACS f939, 111, 3441 

intemctions 


F^kin 

ad<M}on 






appnjach aldehyde 
over smaller(Et) g^oup 


The use o^(o-hexJ^BOl and tnethylamlne will produce an E-enol^e fShown JA CS f939, 111, 3441 ). This E-enolate will give 
an anil- aldol adduct because c^ a Zimmerman- Traider transition sMe. E- enolates are Felkln sele<^ ve nucleophiles, and the 
chiral enda^ will give the syn ethyl-methyl across the carbonyl The Irtegrded trarjsltlon state Is (^plded above Note 
thd A strain Is minimized In tte E- enotde and that the alr^hyde has adc^ted the Felkln- A hn rdamer This aldol readlrm 

is fully matched because both the aldehyde and enolate tadal selectivity are relntordrg In a Zimmerman- Traxlertransition 
state. 


Problem 196 Contributer: 

ri1-al-inn- 


David A. Evans 

Tetrahedron 1999, 8883 
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Part A. PiiGvide a mechanism for the following reaction {TetniJiedrcm, 1999, SS83). Include a dear ti^sition state 
representation that predicts the major product diastereomer. 


U / 


I 


1 equiv. 
EtMgBr 

-] 

CH2CI2 

de >90% 


MeoC-^ 


Et 


Pr 


PartB. When the reaction is perfoimedin diethyl ether or THF, the diastereoselectivity is significantly lowered. Pinpose 
an explanantion for this obseivation. 


Answer 



1 equiv. 
EtMgBr 



/* 

MegC +^N 
^ H 



H2O 


Me. 






/Pr 


Me 


i 



APr 


Problem 197 Conthbuter: 

Citation: 


David A. Evans 

J. Am. Chem. Soc. 1995, 9598 
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Provide a mechanism for the following mono dentate Lewis add pinmoted aldd reaction. Indude a ti’ansition state 
representation, indicating the spedfic factoids that are responsible for the obseived selectivity {JACS, 1995, 9598). 


□TBS OTMS 


f-Pr 



CHo CHo 



OTBS 
Pr 


GH, 


1 equiv. 
BFo-OEL 


-78" C 


TBSO 
/■Pr 


OH 



OTBS 
Pr 


CHo CHo CHo 


Answer 



TBSO O OH OTBS 



CH 3 CH 3 CH 3 


workup 


TBSO O OTMS OTBS 



CH 3 CH 3 CH 3 


Snce //7jE /sac^fon doss not pfoceed through a dosed Zimmerman Trarder transition state (BFs'C^t 2 is a monodentate 
Lewis add. not oapahie d coordinating 2 oxygen iigands), tt^ mr^monicthat E-enoiates anti products andZ-enoiates 

syn products does not appiy in this instance consider the chirai eiemerts d the aidehyde and the endate 
separatdy 



The hydroxyi stereocenter is cortrdied by the tadai 
seiedivrty ot the chirai aidehyde. in this case, the produd 
is the resuit d FdkirrAnh addition to the carbonyi 



TBSO O OH OTBS 



syrrmethyi 


The mdhyi stereocenter is cortrdied by the tadai 
seiedivity ot the chirai endate in this case, appiy 
the E varis m or^i forE-endates. Minimization ot A 
strain gives tt^ strudure shown bdow. The aidehyde 
approadies from the top face. 



Problem 203 Contributen 

Citation: 


David A. Evans 

J. Org. Chem. 1998 
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Provide mechanisms that account for ihe stereoselective fonnation of Ihe products obtained by h’eatment of aldehyde A to 
the conditions shovm below. Biiefly comment on the difference in re activity under the two sets of conditions (/OC, 1998, 
7586). 




Tconditions prom ate a conoerted one foaction. Under L e wis 
acidic conditions, a stepwise mechanism pfedominates wtoa a Prins 
reaction ieads to tt^ staPiized benzyiic c^ion. Nitrogen assisted nng 
contaction ieads to the iminium ion which is quenched by the aikoxide. 



^Te 


Problem 204 Contributer: 

Pihpil-inn • 


David A. Evans 
SynLett 1999, 1325 
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Provide a mechanism far the foil awing reaction that explains the obseived reaction di as tere os el activity 1999, 1325). 

Be sure your mechanism accounts for the catalytic nature of PhSeLi. 



Answer 


□ OLi 

PhSeLi 


conjugate 
, addition 

□Me 

P/?SeL i is a sait nuciecphUe. 

1,4 addition to the txjtondidd occurs <^pcsite ttie 
tone CMesubstituert. 




Proterrod Transition ^ate Distavorod Transition State 




interm oiecular 
proton 
transfer 



Problem 205 co^ibuten 


David A. Evans 

J. Am. Chem. Soc. 1995, 3881 
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Cii3t^ titanium reagents have been developed for addition to C=0 and C=N bonds (/. Am. Omn. Soc. 1995, 3881 and /. 0?-g, 
Chem. 1995, 8136). 



minor major 


Part A. Pravide an explanation, including dear 3D drawings of tiae ti’ansition states, vdaich account for the divei]gent 
stereoselectivity obseived in the addition reactions illustmted above. 


1 t 


Me- 



Ph 


H 


■ Me 



/iXn 


□H 


Ph 


Ph- 


product 


Me 


fn Zimmemjan- Tfaxfer transition state, ttie aldetiyde is cnented with ttjo large suhstitaent psiBdaequatoriai. 



The {EJ-imine, by the nature at its geometry ocaipies a TS conformation 
in \^ich the large substituent is psuedo axiai, leading to the syn product. 


PartB. The use of a chiral imine induces useful levels of aspiimethcinduction in this reaction. Provide an 
explanation, induding a dear 3D drawing of the ti’ansition state, which accounts for the prefeiTed pinduction of the 
indicated diastereomer. 


Me Me 



f'lewm^ prrpction: 



Minimization of eclipsing interac^iais in the stag^red TS(Houk), with the best donor (Me) orthogonal 
to the iminim} N=C. f^e Problem Set 5 and dass notes for a complete discussion). 


Problem 210 Contributen 

Citation: 


David A. Evans 
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The carbonyl ene reaction is illustrated below. Using FMO analysis, evaluate the transition state of this reaction. Your 
answer should include: a transition state drawing; clear orbitai depictions and HOMO-LUMO assignments; an indication of 
the number of electrons from each segment; and indication of whether the reaction is thermally allowed 






Answer 



The ene transition state 




View the ene TS as a 3-cofnponent 
cydoaddftion 



One possible analysis: 
atfyl anion 4 e' 
Proton 
carbonyl: 2 e 


6jie "cycioaddition*^ 
supraiadai 
thermaity aiiowed 


[271$ + 2kS -t-2ijSj 


Problem 222 Contributer: 

ri1-al-inn- 


David A. Evans 

J. Am. Chem. Soc. 1999, 121, 11953 


Provide a mechanism for the following reaction and explain the stereoselectivity. (Danishefsky, JACS 1999 121, 11953) 



PhSeCi 


Answer; 


PhSe 



.COfMe p^g 


eoc 


BOG 





Boc 


BOC 


minor 

f 9:1 Diastereoselectivity 


The stereochemistry-deteiTnining step is the attack on the bridged cationic selenium intermediate 22p and 21 p as 
illustratc?d below. Developing non-bonging interactions disfavor the c)'clLzation of 2lp. 



2E)p pre-€XO ensemble 2lp pre'endoensemble 



20 (exo product) 21 (efldo product) 


Problem 225 Contributer: 

ri1-al-inn- 


David A. Evans 

J. Org. Chem. 1983, 48, 2685 


Consult the cited reference for an answer to this question 
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Problem 226 Conthbuter: 

ri1-a1-inn- 


David A. Evans 

J. Am. Chem. Soc. 1987, 109, 7881 


The Fukuyama synthesis of the mitomydns {JACS 1987, 109, 7SS1) praceeds through the inMguing neaiTangement shown 
below. This ti^sfonnation, which was fii'st documented by Kono and co-woikeiTS {JACS 1987, J09, 122A) occui^ upon 
dissolving either 1, 2, or 3 in methanol over a two-day penod. The equilibiium mixture, which may be approached from 
any one of the three constituents, favors the mitomydn skeleton (Ca 90%). 


Draw a detailed mechanism for the conversion of 3 => 2^1 and deaily identify the stiuicture of albomitomydn-A. 




Micliael Addition 



Catalysts such as Al(OR)3 weic 
also found to be quite effective 




Please not that problems 226-229 are all coupled they may be retiieved by using 
the "Synthgsis" plus "Natural Product' desciiptora 


Problem 229 co^ibuten 


David A. Evans 
Science 1987, 235, 1204 
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Nakanishi, Vendine and co-woikers have shown that Mitomydn-C ( 1 ) is a bio alkylating agent which is known to 
selectively crosslink DNA, Sd^ce 235, 1204 (1987). The probable mechanism by which this compound functions in this 
capadty has been also examined by Danishefsky, /. Am. Chem. Soc. lOS, 4648 (1986). He has shown that Mitomydn-C 
must be "primed" by reduction before it can function as an effective alkylating agent Overall, some of the events 
assodated with DNA crosslinking are outlined below. 

Provide a detailed mechanism for the overall transformation of 1 => 10 . There is more than one sequence of events that is 
possible; however, you only need to show one to receive full credit. 





Many of you lind tire alkyliitiQn steps re veiled. Altlrou^r tlris vms not a seiious pioblem witlr regard to paiticil credit it seeni; reasonnble to 
project that the azuidiriiuirr nitnogen vrouldbe a far superior leaving group (due to the relief of Ca 24 kcal/mol of ling strain) than the 
caibaniate nrodety; hence tire projected oi\ler of alkylation. Otlreis proposed that tires e reactions were of the Si|2 type. Conventional wisdon 
would ai’gue ag^iinst this position. For exanple, allyHc caibaniates are simply not reactive enou^r to react in this fas Irion witlr anrines. 

Wliy is leductiou icqnii'ed fin' buactiTntjau ? Danisliefsky lias addiessed tfiis issue iir print / Am. Cfism- Soc. 108, A6AS (1906). Please lead tliis 
comiirmiication wMch addiesses tins issue. 

PI ease not that problems 226-229 are all coupled ihey m ay be retrieved ty using 
the "Synthesis" plus "Natural Product' descriptors 


Problem 230 Co^tributer: 

C i1-a1-inn ■ 


David A. Evans 

J. Am. Chem. Soc. 1986, 110, 6556 


Consult the dted reference for an answer to this question 


Problem 232 Contributer: 

ri1-al-inn- 


David A. Evans 

Angew. Chem. 2003, 42, 2063 
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Tnost et, oL. have reported an interesting vandium catalyzed di as te re os elective addition of all ends to imines and aldehydes 
{Angeiv. ChEtn. Int Ed. 2003, 42, 2063). Propose a reasonable mechanism and a model accounting for Ihe observed 
stereo selection. Also see ft obi em 111. It is related. 



Step-One: Olefn Isomerization 


5 mol % 
VO(OSiPh3)3 


Ph- 


NHCO^IVle 


anti selective 


IVle 


Or 



syn selective 



VO(OSiPh3)3 


HOSiPh3 


OBPhs 
PhgSO. I 

/ Me 

O 


Ph- 


J 


[3,3] 


Pha^O 



3 


Step-Two Aldol Addition 


^CO^Me 


PhsSIO 09Ph3 ^ 


J 


Or 



H ^ 

CC^Me 



Z-etiolate 


Turnover step: 


J 




HOSiPh3 


Ph' 


XH 


Me 


X = NCOfeMe orO 


VO(OSiPh3)3 


Problem 240 Conthbuter: 

Citation: 


Carl A. Morales 

Angew. Chem. 2002, 41, 4492 
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[n a tTftnt report of n formfll Hynthi-siw of stenincj rcporled ii (flndcm ptdyf^clij'ation ivh'Kh afforded 

Lhe F:)IU]ivin^ major and minor projLiel^ PltjaM.; prcpiiML- a ml■fhanl^m for ihjw Iransi-fnrmalirjn ivKiell atcicunls for 

bc^th prc>du4:l!% tht.'ir tvlalivL^ !^tL‘tvocti£:m.ii^t[:y. jnd tliLMr di^tributioa. 





GHjClj, refluK 
48h 


efc* 






The bond anti-pef^ansf lo 
the teBving group migrsIeB.Equatortal 
ptjsitiwi of ttis ^ea^4nsl gtoijps has 
one iess gauche interactitM} and 
leads fo me ™desJsei/eciftffy frt 
pnocfucrfdfsMJtrttoo. 7??;is js the 
IntfafTToiecuiBT Schmidt reaction. 


OBr 



AUI5&, J. Ang. Chem. ftit Ed. 2002, 4t, 4402. 


Problem 250 Contributer: 

Pibai-inn- 


Jake Janey 

J. Am. Chem. Soc. 2003, 125, ASAP 
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Aube recently reported an asymmetric ring expansion of achiral cyclohexanones with enantiopure hydroxyalkyl azides to 
give enantioenridaed caprolactams (Org. Lett 1999^ 495 and /. Am. Chem. Soc. 2003 ASAP). Cne of his reported 

transformations is illustrated below. The paper includes related examples with other 1,3- and 1,2-hydroxy alkyl azides and 
various cyclohexanones. 

O Ptl Ph 



cSasiBreasefecfian ^;5 


Provide a plausible mechanism for this reaction. Your answer should include three-dimensional structures that 
rationalize the observed stereo selection. 


Answer: Schmidt Reaction 



major 
pro duct 


minor 
pro duct 


Problem 252 Contributer: 

Citation: 


Carl A. Morales 
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GivL’ (he mflitir product fer e^ch nt (he fallowing rciictkinfi And ju^ti^>■ yemr choLcc. given a single 

UTianlidTieTr ppcLliri. Ihi' 4bs[»lLiLi' wIcniiichoTniJTy. WhL-n.; giVtn racemic sLjrllnj^ maieriah prLidiri ihe 
HlcrL:ochtmLH(jy. 



P|-qU| 0 IYI 273 Contributer: Carl A. Morales 

Citation: Tetrahedron Lett. 1994, 35, 8377 

One of the reasons that Crignanfl reagents can fserve bn(h its bases and nuelwphLles depending cm (he substrates 
tTirtnunterL'd. Pk-jwi; dLTTiOnSlralcyiJurC^igrtlS^dnCt-Nnf this rhemlc-jl biih^viur by pnnviding s thinj^hirul rtiiSichaTliMn 
fiU' the' li'an^dormatiLtii buLittv (abin^ ^tucLS.ieliettiLcal eLtnftdduratiLtiw Ltitrt acixiunt. 






Mb ct>6tAte motief Me 


Ofifl^iTflrid acts as 



I'M Me 


Rollir, P. TetfBhetJron Lsti. IflM. 35. 9377. 
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Problem 280 Conthbuter: 

ri1-a1-inn- 


Jake Janey 

Angew. Chem. 2003, 42, 2534-2536 


J. S. Johnson has reported away of forming a-hy dr oxy ketones by a cross condensation of an aldehyde and an acyl silane 
catalyzed by KCN/ [18]crown-6 {Arigew. Chem. ItiI. Ed., Engl 2003, 42, 2534). This reaction is quite general for folining a 
variety of ct-hydroxy ketones. Provide a plausible mechanism for this cyanide catalyzed reaction. 


u u 

1 ^ 1 


cat. KCN/[ 18]crown-6 



DSiEts 


Answer: Catahfzed cross sit^l henzom reaction 


:N^ [1,21-Erook 

cyanation CrM"^ rearrangement 


.A, 


OSiEto 


SiEk 


M-^-CN 



SiEk 




'N-M* 


addition 


LJ 

A. 


Product 


retro- 

cyanation 


NC CTM^ 

1 34 ^OSiEta - 

^ [1,41-silyl 

p|2 migration 


NQ pSiEta 

CTM^ 



Problem 300 Co^tributer: 

I ihpil-inn ■ 


Keith Woerpel 

Tetrahedron Lett. 1997, 38, 9043 


komenthone (7) has been subjected to the foJlowing reaction (J. \L Gardiner, Tdmhedwn Lett. 1997, S^f, 9043). 
Provide the product of this reaction, including the stereochemistry at all relevant stereogenic centers. Eh:aw a 
transition structure that clearly indicates how this stereoisomer is formed. 



k LiNi-Pt2(ka3 
cquiv), -78 -C 


2, i-PfCHO 


^97:3 seiectmtif 
86 - 97% ^idd 




reaction occurs from side 
opposite substituenbi 


E-cnolatc = should give anti- 
aldol by Zimmerman-1'ra.xler 
trajisition state. 




CuH2602 
enti (ildvl 


/-Pr* 



Me 

H 


'i-Pr 


OH 
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Problem 302 Contnbuter: 

Pihai-inn- 


Keith Woerpel 

J. Am. Chem. Soc. 1997, 119, 2066 


West prcTvided aevtjraJ examples of an one-flask annulation reaction that provides bridged bicii^clic products 
with high diastereoeselectivitj' and yield (P. G. West J. Am. Chem. Soc. 1997,119^ 3066), Provide a mechanism 
for the following example. 




OSO2MG 


MeCK, reflux, 0.5 h; 
HtjN, reflux, 0,5 h; 
AcOH, reflux, 0,5 h; 




Problem 309 Co^tributer: 

Pihal-inn- 


David A. Evans 
SynLett 1993, 696 
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The indcalEd defins were su tjected t h'j/dnobora^on toMdalion as shown 1993, 696). 



R-" - Y V 

Substrate B O- 


Bht-THF 
He Kanes 
then liaC^ 

Bht-THF 
Fie Kanes 
then liaC^ 

OH OH 




Pa-t A. Please predctthe major stredsomer obtained from these reactions and illustrate your predctons with clear 
3D da wings. 



Stricshieldng b^/acetonide 


The olefin is hydro bora ted from the mostaccessi be face when 
minimizing A^'^strain. Both acetonides are hydoborated from 
the same face as the epimeric posifon is irrelevantatthis point 


Pa't B. Please also eKplain the feet feat B suffers reducfiie ring opening while A does not.. 



Substrate B 



Substrate A 



This ecli psing interaction occurs as you 
atlemptto coordnat the acetmide 
OKygentothe boron. This addtional steric 
interacton is enough to heep fee borane 
from opening the acetonide. 




Problem 310 Contributer: 

Citation: 


David A. Evans 

J. Org. Chem. 1972, 37, 4090 
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Sjst and Citale [J. Ofg. Ctiafn. 1972. 37, 4CeO) haine reported that cis chlorodecalone f1) was treated with 
methyllithium and a mi rtire of stereoisomeric alcohds was isolated. When this mi jOire of alcohds was converted to 
the derived magnesium alhoMdes and heated in benzene, tie ring contracted product [2) was isdated in 48% overall 
yield. Itis interesting that none of tie trans methyidecalone (3) was observed. 



1) MeU. El^O. H 2 O 

2] >PrMg&. 

reflu y 

48% yield 




Not isdated 


Pa't A. Fiatonaliie the fcrmation of 2 from both diastereomeric alcohols derived from 1. Please use carefully 
rendered three dimensional cbawings to illustate your answer. 


C-CI d" 



the relevant minting C-C bond ali^s in 
an ant peri planar arrangement with the 
antbondng C-CI orbital in both instances 



Pa't E. Explain why the indicated alhoxide does not lead te the 
format on of 3. 



This alhoxide. in principle, could rearrange 
to give either reacton product. This pdntis 
illustrated in the appended scheme. 

However, conformer Bis strongly 
destabilized by the indicated double 
gauche pentane interacton. This 
destablizaton is reflected in an increased 
actvaton energy for the rearrangement to 
3. The rearrangement via conformer A te 
product2 does not suffer such 
destabilizaton. 



Problem 311 Contributer: 

rifafinn- 


David A. Evans 

J. Am. Chem. Soc. 1986, 111, 1923 


The iodne-induced fransformaton shown below is aheystepin tie Williams syntiesis ofcroomine (J.4CS1939. ftf. 1923). 
Gven the stereochemical outcome of the illustrated transformaton. propose a detailed mechanism for this reacton 
sequence. Williams has recenty provided another closely reacton of the same design ( Orff. irt?2003. 5. 3361). 


+ (MeD 


Answer 
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Problem 328 Conthbuter: 

ri1-a1-inn- 


David A. Evans 

Organic Lett. 2002, 4, 4547-4549 


A synthesis of the hydrocarbon pentalenene was recently disclosed by Paquette and co-wortiers {CYff. Lgtr. 2002, 4. 
4547-4S49). The pvotaJ reaction cascade thataflbrds tie pentalenene core 1 is illustratd below. 



' Far} Isianen a 

Please provide a mechanism for tie reaction cascade tiatresults in the production of the tricyclic core 1. Your 
answer should include clear 3-D drawings where relevantand should clearly identfy intermediate 'A. 



Problem 329 Contributer: 

Citation: 


David A. Evans 

J. Am. Chem. Soc. 2003, 125, 11456-11457 


P. A. Evans and co-worhers have recently reported a hi^ly diastereoselective approach to the construction oflinhed 
tetrah ydo pyran s (74C^S2003, 11466-11457], Qte of their cases is illustated in Eq 1. h tiis transformation B&a 

is employed as a mild Lewis acid. 






H H 


A single diastreoisomer 
diastereoselection ^95:5 [73% yield) 


Please provide a mechanism for the reaction cascade that result in the producfon of the illustrated product. Your 
answer should include clear 3-D drawings where relevantand should provide tie stereochemisty of tie m^or product 
diastereoisomer. 





This is tie absolute stereochemistry of the produ 




stereoelectronic bias for 
'thair-awal' approach 
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Problem 330 Contnbuter: 

I ihpihinn • 


David A. Evans 

Tetrahedron 1999, 55, 8883 


Chiral aju Mliaries [Xc) are routinely em fjoyed to control the absolute stereochemisty of tie addtion or organometallic 
reagents to imines (Step A). A design requirement of these controllers is that they may be readily cleaved after the 
addition step (Step B). In the two parts of this queston posed below are presented two well-established chiral 
controllers that employ chelate organization as an integral partof Ithe chirality transfer process. 



R'-M 
Step A 




chemisty 

-^ 

Step B 




Pa-t A. Provide a mechanism for the following transformaf on reported by BIman and co- worhers. [Tef, 1 999, 3883). 
Include a clear transition state representation that predicts tie m^or procluctdiastereomer. Clearly illustrate the tie 
absolute stereochemistry of the product. 


0g 

®'s 

"-Ph 


n 


EtMgB- 

"ch^oT^ 


0Q a 

©8.^ A. diastereomer ratio 92:8 
^Fh 


03 H 

I EtlV^B- 

MesC-^**'^N^^^Fh -^ 



03 |t 

H 

prod, stereoohem: (R) 


Pa't B. The following stereoselective transformation has been reported by Fujisawa [Chefn.Lgff. 1991, 1595). 
Gven the stereostructure of the product, ratonaliie the stereochemical outcome. 


A. 


diastereomer ratio >97:3 



R— 


The stereochemical outcome of this reaction has been 
rationalized by Fujisawa through the chelate-organized imine 
complex shown on tie left. In this study diastereoface 
selectivity was noted to be ston^y dependant on the nature 
ofthe organometallic reagent. 


SiBr^y pra^Bfrad C=flf 
dsas^raotaea 


Problem 333 Contributer: 

rifafinn- 


David A. Evans 

J. Am. Chem. Soc. 1980, 102, 5955-5956 


Evans and lyyf th have reported reported the short approach to tie synthesis of the morphine sheleton (./r^CSI 980, 
9996). 



Morphine alkaJoid 
skeleton 



Problem 334 contributer: 

Citation: 


David A. Evans 

J. Am. Chem. Soc. 2002, 124, 10298 
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The development of chiral variants of the Stetter reaction is a currentotjective in the chemical literatine. Such a study 
has been recently reported by Rovis and Oo-wortiers \ JACSi2^2, 124, 1D298]. In the presence of £0 mol percent of 
triaidium salt 1, and an equal amountof KN(TMSD 2 . 2 is transformed into 3 in 94% yield and 93% ee. 



Provide a mechanism for this rearrangement in tie space belouj. You do notneedto account for the absolute 
stereochemical outcome of this reaction in your answer. 



Problem 337 Contnbuter: 

rihat-inn- 


David A. Evans 

J. Am. Chem. Soc. 1986, 108, 8313 


Helquisthas reported the interestng enolate-based ring-forming process illustrated below (J.4CS'1986, 10S, 8313). h 
this experiment the IVtelyytgBr was added to the cycio propan on e hemihetal. The cyclohexanone enolate (2 equiv) was 
then cannulated into the reaction vessel. In addition to the indcated product 1 , ~14% of the cycio propan one aldol 
adduct 2 was obtained. If 2 is treated under the stated reaction conditions, an 80% ofl is obtained. The selection of 
Mg(II) to medate the stereochemical outcome 

)“C 




Please provide a plausible mechanism for this tansfomnation. Use 3-dimensional representations where appropriate 
to illustrate your answer. 




I.MeMgBr.THF.t 


this reaction is im portant. 


OH r-. 

w cc 

H n).67% /\ 


vgsrisd 

by r-csy cryslaflogfafhy 


( 2 ). 14 % 



Problem 339 Co^trlbuter: 

r ihahinn ■ 


David A. Evans 

J. Org. Chem. 1987, 52, 4831 
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The C^-svnrimetric allyl borane 1 in reduced by Ivtasamune (J. Oyi 
on the desigt of chiral aJdol and allylatior catalysts. 


RCHO + 






Chaff}. 1987. 52^. 4331) has had an im portant impact 



Provide tie absolute stereochemistry of the product of this reaction in Box-I. 
Provide a 3-dmensional drawing of the tansition state for this reacf on in Bo5(-2. 



Problem 340 Conthbuter: 

ribat-inn- 


David A. Evans 

J. Am. Chem. Soc. 1999, 121, 686 


The Cj-symmetic cationic Cu(ll) complex 1 is a chiral Leuis acid catalyst thatexhibit good chelating potential. The 
uf liiafon of 1 in the catlyied Muhaiyama aldol addition is illustrated below 1999, f2f. 6SS). 



Problem 341 Co^tributer: 

I ihpihinn ■ 


David A. Evans 

J. Org. Chem. 2003, 68, 9747 


The illustrated stereoselective Oignard additons to trityl-protected prolinal have 
recently been reported [JOC. 2003. SS. 9747). These additons proceed with 
ewcepional stereochemical control. A clue as to the operatonal mechanism for 
stereocontrol follows from the obeervaton that the allylaton product produced by 
Oignard addton has the same stereochemisfry as the allylaton product produced by 
the add-j on of allylsilane^BFj OE-^. 






Please draw the absolute stereochemi sty of tie product in Box-I . 

In Boj(-2 provide a three-dimenional representaton of the transiton 
state for ttis reacfon tiatratonaliies the diastereoselecfon for this 
process. Briefly identfy the transiton state stereochemical control 
element(s) below. 

Sees ihase scHfijans eau/d byafShars eh^sla-eanrc^/ad 

nr a f^in-earitFriffadpfYxaw. iha c/c/ejL/jtii&cSratei ihsf 

Fa/hin eanimf fs o/srarfma/ snd ihsf iha Siiyf-/roineiBclfjfirqgan 
doesnofpsriPffBiajn chafs^ crgsnj^sifon. This ^ set/sffy ana of 
iha yonn* tnx/gh ai/t/n iha ps/ear. iha i/sns/i/an siruet/fa shac/fdr 
A} arfjone ib iha Fa/h/n Afcida/; ^ sha/id afiisbft iha bi/na'^iise 
arii^^Sriac /naif 



Problem 342 Co^tributer: 

r ihafinn ■ 


David A. Evans 
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The illustrated proline-catalvied Mannich reaction was recently reported by B. List 2002, f24. 8271. This 

reaction proceeds witi excepionaJ stereochemical control. 




Ar 


Ar-^ _ 

XI 

1 

35 mol% 1 

acetnelDMSO 1:4 


Ar 

12 hr.rt 

R 


92 yield, dr :=30:1, ee :=99% 


Provide a three-dimeni or aJ representation of the transition state for 
this reaction tiatratonaliies tte diastereo and enantioselection br 
this process. Briefly identify the transition state stereochemical 
control element. 

Trsfjsfi^an jfi is ecwflrV rfam ac !S mduda sn rasn H-bon ting 

acrfiaSricw oftha C=fi! tend. Ttss sntarsi^liofy detnas- tha fasi^Hva 
/V-ftee oflha ananaina Tha ant-ssnsna gaosnary pfas tfta 

H- tendingpair as’&.dsstas Sfis/aaeSrac 
ojiaji&/teasa/aeSfL)f^. 



Problem 343 Contributer: 

rit-ahinn- 


David A. Evans 

Chem. Commun. 2003, 3044 
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Lange rand co-workei^ recently reported the interesting e/ra/7^Staudinger reaction illustrated below ( Ctmm Comm. 
2003 , 3044). The anticipated reaction product was pyrrole 3 while the observed product was 4 . 



1 2 


Step 1: a) 2 LD A + 2; add 1; aqueous workup 

3 (Anticipated) 

Provide a detaiied mechanism tor this transformation. 



H 



4 (Observed) 
PPha, THF45" C, 24 h 



Mechanism of the Staudinger Reaction 


0., 


O 


N—N=N 


J © 


C 


PPh3 



N-N 




.N—PPh3 


N=N 


^N=pph3 


in Step A. nucieophiies perferentiaiiy add to azides to give an intermediate having the cis geometry as shown as 
documented by Trost (^>^CS'1983, 105, 1054) for Grignard reagents. A stereoeiectronic argument may be used to 
account tor the cis sterecseiection. 


Problem 359 Contributer: 

ri1-al-inn- 


David A. Evans 

J. Am. Chem. Soc. 
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An elegant enantiodivengentsynthesis of the potntant-iingal reagent Preussin uas reported by Ouerman \JACS 
1994, 11241.]. 




C9A(;0.9 equrv) 

CFaCH20H 

- 



(+)-Preussin 
naiurai configuration 



Pa't A. Provide a mechanism for the transformation illustrated in Eq 1. Where stereochemicasi issues are involved. 
3-cimensional drawings should be employed. 



Pa't B. Provide a mechanism br the transformaf on illustrated in Eq 2. Where stereochemicasi issues are involved. 
3-dmensional drawings should be employed. 



rtf initti iz&i for itenzyl protecisd am ine 


P|-qU|a|yi 362 Contributer: David A. Evans 

Citation: 2003 

The two i Hu stated Mg l^-promoted Muhaiyama aidd reactons occur with high diastereoseleclvity (Eq 1. 2). In contast. 
only poor selectivity is observed in both reactions when Mgl^ is replaced with BFjOEti. Provide a transition state 
model that explains the formaton of the 3.4 syn product in (Eq 1) and the 3.4 anti product in (Eq 2). Assume that the 
Eh and PMB protectng g'ou ps are chemicaJly equivaJent. (Victor Gee. Ph.D. Thesis, pgs. 82-87]. 


H 



0& 


O OPMB 



OTBS 




0& 

3.4 syn product 


( 1 ) 


O QH OPMB 
FT 

OTBS 

3.4 anti product 


When the chelatng protecting group is in the alpha position (Eql), a five member chelate is formed and incoming 
nucleophile attachs from pi face opposite to the R grou p U&l]. In contrast, a six-mem bered chelate is formed when 
the chelatng protecting group is in the beta position and the nucleophile approaches from tie face away from both the 
OP and R grou ps. The obeervaton that BFj OEtj gives poor selectivity im plies that the reaction is not sim ply under 
Felhin contd. as one may predictfor Eq 2. 


Problem 368 Co^nbuter: 

Pifafinn ■ 


David A. Evans 

Organic Lett. 2003, 5, 4113 


65 of 82 


7/5/2007 9:37 PM 











ANSWERS - CCB Challenging Problems 


http://evans.harvard.edu/cgi-bin/problems/search5_getAnswers.cgi?qn=3... 


The fdloujing transformatiori uas neceritiy reported byTrauner and co-iuorhers 2003 , 3. 4113D as a 

piviotal reaction in tie synthesis of specific members of tie guanacastpene diterpenes. These natiral product have 
attracted interest as potent antiobotics against aufst^s. 



Provide a mechanism for the transformaton illustrated above. 



Problem 369 Contributer: 

Citation: 


David A. Evans 

J. Am. Chem. Soc. 2004, ASAP, 


The first example of a 'HIyl-9tetter reaction" luill appear in the literature shortly (Scheldt. 2004, 125, in press). 

Provide a mechanism for this tansformaf on . 


Fh-^^SMea II 

1 


.OEt 1)30mol%3 

DBU, THF ^ 
iPrOH 

1) aqueous uortiup 


R = (CI-(2)£0H 


R Me 


65% yield 





Problem 379 co^ibuter: 

C ihafinn ■ 


David A. Evans 

Organic Lett. 2003, 5, 4807 


Mhami and co-iuorhers have recently reported the illustrated aldol reaction [Gfganh Latt. 2003, 5, 4307). This result 
was unexpected in light of the fact that the intervening (Z) enolate geomety was unequivocally estebished. The 
authors conclude that 'dipole effects"are responsible for the observed stereochemical outome. Please reproduce the 
authors' rationale for tie observed reacton dastereoselection. 



03% yield. 31% de 


ejrj-aldol 




antf-aldol 


dssfavofBd fsvofBd 

iha st-cns^y/x^iarisinsf CFssrr^pf- create si-cnff ds/xdsf, and'^a fnsnsfnisalsof} ofthasa dipdas- 
(fnos-t fa Ltvajtfe dsaCF^ST^P^} vamdas thasiarie idas fdrthasyn-^do^ fraf^sidof} siaia 
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Problem 380 Contnbuter: 

I ihpihinn • 


David A. Evans 

Organic Lett. 1999, 677 


Taheda and co-ujorhers have developed an eflcient stategy for the syn tiesis of tised 5,7 ring systems tjy reacting 
acyisilanes with lithium enolates [Orff. /.eif,1999. 677]. Although the 5.7 bicyclic product 1 is often observed, the 
nature of the enolate nucleophile can affect the course of ti e reaction. 



Provide a mechanism ibr the formaton of boti tie antici pa ted 5.7 bicycle 1 and the tricyclic hetone 2. 





Problem 381 Contributer: 

Citation: 


David A. Evans 

Organic Lett. 2002, 4, 4739 


In £002 Roush reported the streoseleclve syntiesis of tie C1-C12 fragment of Tedanolide (Offfsnse Latt 2002, 4, 
4739). The illlustrated aldol reaction was employed. Provide a clear 3-D transition state which rationaliies the 
stereoselectivity of this reaction . 




cfta'airiac ficva/ sddicn i? /re aco/aie 

Ihrous^ a eiosad ranssiion sIrIb S? ffve ifjg syn -s/dc^ 


Problem 382 co^ibuter: 

I ihpihinn ■ 


Jonathan Scheerer 

Angew. Chem. 2005, 44, 6038-6042 
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Provide a clear mechanism for the illustrated reaf or. 
CQaEt 


^CQsEt 



...... 

1] 15-K TFA, then 

7 

/ 

N 

I 

2] pperidinium acetate 

i ^ 

K 

° f 


EtOH,65"C,32h 




Evans e^ al. nnpuMshsiJ :^suAs, 2003. 




Problem 385 Contributer: 

ri1-at-inn- 


David A. Evans 

Organic Lett. 1999, 1, 1427 


The fdlowing one-pot Aldol-Tishchenho reaction reported by Morfsen [Orff. LeiT., 1999, '\427\ for the producfor of 
propionate su bstrates occurs iviti hi^ diastereoseiectivity. Provide a stereochemical model to explain the observed 
syn-anti product. 




1. LiO-/-PrC15 mol%;) 

E^O. r.t. 


2. HaOH. CHaOH 


(2 equiv^ 



diastereoseiection 96:4 



■ The initial aldol addition step is fast and reversible, 
leading tc a mature cfsyn and anti aldcl adducts 

OM 



IVte Me 





■ Th e s u bs e qu ent red u eti cn ste p is rate- deter min ing 
and hence, determines the stereochemical outcome. 


less favored TS 


more favored TS 


HaOH 

_^ MINOR 


NaOH 

MAJOR - 


fast 


APr 

Me— 

FhCy H-^^y-FT 


Q 


A. 


OH 9 ^y-FY 

.Me 


Problem 386 contributer: 

ritatinn- 


David A. Evans 

Organic Lett. 2002, 4, 3087 
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A recent paper by Wood and co--ujorliers presented the one-pot transformation shown below (tSff. Lgtt. 2002 , 4, 
3087). In the space provided, please propose a mechanism that explains the relative stereochemistyof tie product 
did. 





A 


(Closed T.S.) 


(R eformafeky-type reaction^ 



(Evans-Ttschenko Reduction)^ 



"Samaiimn-Caialyaad Ititiaitiolaonlar Tislichenloo Reductian of ^-Hydiojy Ketories. AStereoselectiT* ^fjproaidi to tlie 
S^tliesdsof Eiffeieittiated Antil.S-Diol MonoestErs". Evans, D. A; HoiKyda, A H. J. Am. Chem. Soc. 1990, 112, 
6447-(.449. 


Problem 392 Contrlbuter: 

ri1-at-inn- 


David A. Evans 

J. Am. Chem. Soc. 2002 , 124, 10672 


69 of 82 


7/5/2007 9:37 PM 














ANSWERS - CCB Challenging Problems 


http://evans.harvard.edu/cgi-bin/problems/search5_getAnswers.cgi?qn=3... 


The following transformation was recently reported by Leighton {J. Am. Ct^m 5'(cc2002, 124, 10672). 



Provide a piausibie mechanism for this transformation in the space below: 

Step I: Make decision on most reactive geometry of pentacoordinate siiicon. 


a 

1 

enol 

1 

aldehyde 


1 ,,\\aldehyde 

L^■^^e^□l 

1 

G- 

1 " 

e — St-h^ 

1 

a 

i 

a 

e-posit ions are more Lewis acidic 

more reactive complex: 

less reactive compiex: 

than a-positions 


Step II: Make decision on which geometry is preferred. C=Oface seiectivity at (N) is ctefined in the ///e/ add it ion. 



R = crotyi 


pBSijdon:H3ton ? 

NOn 


R' 




Problem 395 co^ibuten 


Andre Beauchemin 

Tetrahedron Lett. 1992, 33, 4859 
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The Heck reaction is a povrerfui method to form C-C bonds and an efficient approach to the formation of quaternary 
carbon tenters . A specific example is shown below(Madin and Overman, TL 1992, 33, 4859). 




Conditions A : B 

Et3N(10equiv). toluene. 110 ‘G 89:11 

Ag3P04(2equiv). THF, 66 *0 3:97 


1. Postulate a catalytic cyde for this reaction. 



Et3N-HBr 



H-Pd"-Br 



sjOT t-H diminrnion 



Catalytic cycle shown for Et 3 N conditions 

For a general discussion see: Nicolaou and Sorensen in Classics in TotalSyntt^sis{yc\-\), ChapterSI 


2. Provide a rationale for the divergent stereochemical outcome. 



■ Ag 3 Pa 4 leads toformation of cationic palladium intermediate (+AgBr) 

■ Axial vinyl substituent acts as directing group 


Problem 398 Contributen 

Citation: 


Andre Beauchemin 

Tetrahedron 2001, 57, 7449 


■PG 
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The Heck reaction is one of the most powerful transition metal C-C bond forming reactions (Whit com be, et al, 
J^rat^dran20^^, 57, 7449). A typical example of this transformation is shown below. 




Pd(OAc)2 
EtgN, MeCN 



Provide a plausible mechanism for this transformation and illustrate the individual steps in the catalytic cycle with aseri^ 
of balanced equations. Nc^e:Pd(OA 0)2 is reduced to tom PdfOJ unddrtt^ foaction conditions. Do not concern yoa/soit 
Witt? tt?is reduction step. 


Pd(0) + 


insmion 


Ar 



+ 



mrtm 


Ar 



H—Pd-I + EtgN 









+ H—Pd-I 


Pd(0) + EtaN-HI 



Sum matt an: 

□H 



□ 



Problem 402 Conthbuter: 

rihal-inn- 


Phillip S. Baran 

Chem. Rev. 1986, 86, 875 


Little and coworkers employed this stunning transformation in a series of studies directed toward the synttBsis of 
diketocoriolin B. (For a relevant review see Ct?em. Pe\r. 1986, ^^875). 



Please provide a mechanism for this transformation, accounting for stereochemistry when necessary. 



Problem 404 Contributer: 

Citation: 


Phillip S. Baran 

Organic Lett. 2000, 2, 2905 
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Leighton and Bio have recently disclosed the following approach to the core of CP-2^.114 ( Lett 2000, 2S05). 



Problem 409 Conthbuter: 

ril-arinn- 


Dan O^Malley 

J. Org. Chem. 1977, 42, 3114 
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Tceylmethyl isocyanate (TosMIC) is a remarkable reagent deveioped by van Leusen and co-iworkers at the Univei^ity of 
Groningen. One use of this reagent is for the one-carbon homoiogation of ketones to nitriles as illustrated below {J. Org. 
Chem. 1977, 19, 3114). in the iliustrated appiication, Roush has appiied this methodoigy to his synthesis of dendrobine [J. 


Am. Chem. Sec. 1900, 4, 1390). 






O 


Na 


H 

Dendrobine 


Ts^^NC 

"TcsMIC 


steps 

Me—N 


5 equiv. tBuOK 
DME, t-BuOH 


(Roush) 

"^^COi2Me 

^ [Me 

r-^ - 


Me""^^Me 


Me"^ 

"Me 

LJ - 

Me-^^ 

Me 


Provide one or more plausibie mechanisms for this transformation. 



OR 


Step A commentary: This step shouid probabiy be viewed as aneiectrocyclic ring opening 



5-endo-tnQ (dista vored) electrocydic nng cpening 

(favored?) 


Problem 413 Conthbuter: 

Citation: 


Narendra Ambhaikar 
SynLett 1991, 241 
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KnSIker and co-workers (Syo Lett. 1991,4, 24i) have reported the diasiereoselective annulation of 2-propanoy I imidazole 
with dim elhylacetylenedi carboxyl ate {DM AD) to yield the complex hetercncycle shown below, 



Problem 434 Conthbuter: 

ril-al-inn- 


David A. Evans 

J. Am. Chem. Soc. 2001, 123, 11829 
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Charette and co-workers recently reported a creative approach to the enantioselective synthesis a-substituted piperidine 
derivatives illustrated below (JACS 2001, 11630). The alpha regioselectivities are generally >10:1 while the alpha 

diastereoselections are reported to be >95:5. Provide a detailed mechanism for the overall transformation Provide a 
rationalization for the stereochemical outcome of the addition reaction. Three-dimensional drawings that illustrate 
chirality transfer should be provided. 


O 

X 

Ph^'^NH 






,OBn 


Tf^O, pyr 


TlgO, pyr 
RMgX.-73 X 


a 


N 


A. 


•A' 


^ ..OBn 

diastereoselection 

>95:5 



Ph'^N 


Me,HC' 


.OBn 


Ph' 


OTf 


pyr 


OBn 



Me^HC' 

It appears that rather subtile conformational effects are operating to control selectivities 
between the alpha and alpha' positions I presume that chelate organization is 
important to reaction diastereoselecBon In this instance one might propose a 
suprafacial E5-sigmatropic rearrangement of the chelated organometal species. Steric 
effects might serve to orient the 'R' substituent anti to the isopropyl moiety. 


Buprafacmi SigmatropiG 
Rmrmtigement? ? 




Ph^£ 

H,®N—Mg 

VO'Bn 
^ X 



The use of these types of nitrogen-based chiral auxiliaries was introduced by both 
Meyers and Whitesell, Their applications in metalloenamine alkylation reactions is 
shown below. 


full papers: 


' Meyers. 1 Org. Chem 1976, 43, 892 
Meyers. J. Am. Chem. Sac 1981 3031 

. Meyers. J. Am. Chem. Sac 19St 103 ,3033 







The base: 

R-Li; RMgX; R^N-Li 


Major Product 


Problem 497 Cont ^uter: 

I ibpil-inn ■ 


Jon Scheerer 

Organic Lett. 2003, 5, 451 
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□urlr>g ttis: or irt& anll-lutriH jgont Wdol A, Snider (Org. Letf. Z0D3, 

S(4): 451-4S4) and ctiyrarfcers prepared the diastereomenc aldol adduds A and 
B TTtese subslnates undefwenl iodoethefification at vastly diftereni rates, In 
fact, Id achiauB sufficiEfit canversiDfi b more reactiva iodanium reagent (biafaym- 
oollidiclrw) AgPFfJ was necassary. Ptease pfoiAWe a mec^arttem fof Jfw- 
rescftans iA io A' snd B fa S'J accounts ior the ottserved setecfMfy and 
difference /n rate. 3-dfriTeiTwcwi«r repres&nfatiions sre refumed 



http://evans.harvard.edu/cgi-bin/problems/search5_getAnswers.cgi?qn=3... 


Me 



Conditions: 

a) \ 2 , HaHCOs ■ 5% conv 



Your Answer ■ 



The inaide alkoxy effect is Dperalianal iri the given examplea. In A, the allylic alcohcl can iotaractwith the ft 
system, and v^thdraw electron density; the oleflfi In A In less reactive (less nucleophilic) In tlie iluslrated 
confonnaticr. ConvarBely, B □rieolB iha hiydrmcy ^cup in the aigma frameworh. In itiia ariefitaliDn, l;'' C-D 
doas not act to withdraw eJaclron darKity. 



This problem is linked to Probem 49B 


Problem 581 


Conthbuter: Ben Hafensteiner 

Citation; Heterocycles 1993, 36, 223-229 
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Sulfur oddities have intrigued chemists from the time the odiferous yellow compound was discovered. Here is problem derived from an investigation 
into elemental sulfur chemistry by the Pureilo group of the Universita di Cantania {Heterocycies, 1993, 36, 223-229). 



Provide one or more plausible mechanisms for this transformation identiflying all intermediates. Also, identify the active sulfur reagent in the 
above process, 


Activated Sufur: 




S S 

I I 

s—s 






Ph 


r’° 

H e 

s s. o 

is. 

Sv. 

NEta 
© 


Ph 



Problem 628 Co^tributer: 

I if-pi1-inn ■ 


Jon Scheerer 

J. Am. Chem. Soc. 2004, 126, 13608 
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A one-p<3t procedure for the enamtioseleelive adtfSon / Jasiefeeselecfive epoxidation was recently developed in the 
labDralorje^ of Patrick Wal&h (JACS, ZPfhl, 12S, 13508.). Thi& melhcdckigy can directly prepare up lo 3ccnbgu«js 
stereocenlers Please pnovide a mechanism for this. Iransfdrmatiori and predict the sfereachemistry of the product 
Your anwBsr should use 3-D represertalions and highlight intarmediate A. (Hini. axygan is known ia rnsacf inta 
orgwioziinc species, f?rrrwi3 zmc perox/otes and titanium can iwifh z^ne. fhe 0lfg5J^pme^aW«? aspecfs of 

this liUEslton may Jbe ds-emphasized /n your answer.) 



ZnEt2(3 1 equry), 
H-MIB(4 mol%) 


HMib 



o 


OH 

H 


R.^Zn 



A 



II) 0^(1 atm) 

ill) Ti(OrPr)j (20 mnl%) 


OH 


SCm yield 
85% ea 



axidafron cwcurs from 
top face 


trsfiwnatafiathn 
and oxidation 


OOR 

I 



z^epero.)rjde 



fl 


0-p 

^>i(OjPr)g 



iii) Ti(i0rPr)4 
(20 niKl%] 


Problem 630 Contributer: 

Citation: 


Emily Balskus 

Tetrahedron 1995, 51, 9413 
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Hie Palerson group iised ttie following neadion sequerce in a synihegis of gwinhoiide A (Tefraiheffron, iMS, 51, ■9413): 



Part A. Prc?vicle the sinucture of intemrediate A and the mechanism for its formation. Predict and account lot the 
slereochamislTy at A in your mBctiBniam. Include 3-Q drawings when refavanl. 




Part B, Provide a mechanlam ih itw liwmallon or ifie rinal produd rrom inlermediala A. Pradld arKi a«eunl Ter 
tfie slereochemlslry of Ihe pfoduct In your mechanism. Include 3^D drawings when relevant. 



Problem 631 Co^tributer: 

I ihpil-inn ■ 


Jon Lawrence 

Organic Lett. 2001, 36, 2533 


Hannata and oo-workere reported Ihe following intereslirrg translormation fOrg 2<n)i, 5, 2533.) Pleaee provide 
a mechanisin using 3-D nepresenlalicins where approprisle. Please identity inlefmediate A and assign the r^slive 
slersdcnem^try ol tha product. 



P|iQ|^| 0 IYI 093 Contributer: David A. Evans 

Citation: 
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(ChJSJiBCI, HEla, 0 
provides 


OBCChx)^ 




Me Me Afdof reacbon mroagti 
Zimmefmsn-TfaiiieT TS 



FefSrin transition state 
Boti-akioS adduct 


Problem 697 Contributer: 

ri1-al-inn- 


David A. Evans 

J. Am. Chem. Soc. 2004, 126, 14379 



fftla tranaltlioiii siete ccmOd explam 
iKe ebsraiffid peactten stepafKshemlffllr.y 



Problem 700 Conthbuter: 

ri 1 -al-inn- 


Jon Scheerer 

J. Org. Chem. 2002, 67, 5378 
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